a2 United States Patent

Swieter et al.

US010970662B2

US 10,970,662 B2
Apr. 6,2021

(10) Patent No.:
45) Date of Patent:

(54)

(71)
(72)

(73)

")

@

(22)

(65)

(63)

(1)

(52)

(58)

METHOD AND SYSTEM FOR LOCATING
RESOURCES AND COMMUNICATING
WITHIN AN ENTERPRISE

Applicant: Steelcase Inc., Grand Rapids, MI (US)

Inventors: Timothy D. Swieter, Grand Rapids, MI
(US); Robert Scheper, Grand Rapids,
MI (US); Darrin Sculley, Byron
Center, MI (US)

Assignee: Steelcase Inc., Grand Rapids, MI (US)

Notice: Subject to any disclaimer, the term of this

patent is extended or adjusted under 35
U.S.C. 154(b) by 215 days.

Appl. No.: 16/150,911
Filed: Oct. 3, 2018

Prior Publication Data

US 2019/0034851 Al Jan. 31, 2019

Related U.S. Application Data

Continuation of application No. 15/789,601, filed on
Oct. 20, 2017, now Pat. No. 10,121,113, which is a

(Continued)
Int. CL.
G06Q 10/06 (2012.01)
HO04Q 9/00 (2006.01)
U.S. CL
CPC ... G06Q 10/06313 (2013.01); H04Q 9/00

(2013.01); H04Q 2209/40 (2013.01); HO4Q
2209/826 (2013.01)

Field of Classification Search
CPC ..o G06G 10/06313; HO4Q 9/00; HO4Q
2209/40; HO4Q 2209/826

(Continued)

"6*]

D\

(56) References Cited
U.S. PATENT DOCUMENTS
4,751,399 A 6/1988 Koehring
5,050,077 A 9/1991 Vincent
(Continued)
FOREIGN PATENT DOCUMENTS
AU 2011203137 Al 7/2011
AU 2013203919 Al 5/2013
(Continued)

OTHER PUBLICATIONS

Tam, et al., A Framework for Asynchronous Change Awareness in
Collaborative Documents and Workspaces, International Journal of
Human-Computer Studies, 2006, 64:583-598.

(Continued)

Primary Examiner — Yazan A Soofi
(74) Attorney, Agent, or Firm — Quarles & Brady LLP

(57) ABSTRACT

An algorithm formulating system for use with a sensing
ecosystem for identifying enterprise space states, the sensing
ecosystem including a plurality of sensor devices mounted
within an enterprise space wherein each sensor device is
capable of sensing a plurality of parameters within the
enterprise space, the system comprising a processor pro-
grammed to perform the steps of accessing a rule set that
specifies a first parameter value set that corresponding to a
perceived state within a first enterprise space, receiving
sensor data from sensor devices within the first enterprise
space, comparing the sensor data to the rule set to identify
instances of the perceived state, examining sensor data to
identify a second parameter value set that occurs at least a
threshold percentage of time for the identified instances of
the perceived state and using the second parameter value set
as the basis for a new rule set to be associated with the
perceived state.

56 Claims, 78 Drawing Sheets




US 10,970,662 B2

Page 2

(60)

(58)

(56)

Related U.S. Application Data

continuation of application No. 15/179,140, filed on
Jun. 10, 2016, now Pat. No. 9,852,388, which is a
continuation-in-part of application No. 15/170,550,
filed on Jun. 1, 2016, now Pat. No. 9,955,318, which
is a continuation-in-part of application No. 14/871,
097, filed on Sep. 30, 2015, now Pat. No. 9,766,079.

Provisional application No. 62/328,339, filed on Apr.
27, 2016, provisional application No. 62/171,401,
filed on Jun. 5, 2015, provisional application No.
62/059,602, filed on Oct. 3, 2014.
Field of Classification Search
USPC .. 701/454
See application file for complete search history.
References Cited
U.S. PATENT DOCUMENTS
5,086,385 A 2/1992 Launey
5,097,672 A 3/1992 Takenaka
5,293,097 A 3/1994 Elwell
5,406,176 A 4/1995 Sugden
5,455,487 A 10/1995 Mix
5,476,221 A 12/1995 Seymour
5,489,827 A 2/1996 Xia
5,717,856 A 2/1998 Carleton
5,898,579 A 4/1999 Boys
5,915,091 A 6/1999 Ludwig
5,933,597 A 8/1999 Hogan
6,038,542 A 3/2000 Ruckdashel
6,100,663 A 8/2000 Boys
6,140,921 A 10/2000 Baron
6,144,942 A 11/2000 Ruckdashel

6,177,905 Bl 1/2001 Welch
6,266,612 Bl 7/2001 Dussell
6,266,691 Bl 7/2001 Watanabe
6,288,716 Bl 9/2001 Humpleman
6,297,621 B1  10/2001 Hui
6,304,068 B1  10/2001 Hui
6,342,906 Bl 1/2002 Kumar
6,360,101 Bl 3/2002 Irvin
6,361,173 Bl 3/2002 Vlahos
6,424,623 Bl 7/2002 Borgstahl
6,434,158 Bl 8/2002 Harris
6,434,159 Bl 8/2002 Woodward
6,466,234 Bl  10/2002 Pyle
6,487,180 Bl  11/2002 Borgstahl
6,501,364 B1  12/2002 Hui
6,532,218 Bl 3/2003 Shaffer
6,546,419 Bl 4/2003 Humpleman
6,548,967 Bl 4/2003 Dowling
6,587,782 Bl 7/2003 Nocek
6,691,029 B2 2/2004 Hughes
6,724,159 B2 4/2004 Gutta
6,760,412 Bl 7/2004 Loucks
6,760,749 Bl 7/2004 Dunlap
6,803,744 B1  10/2004 Sabo
6,839,417 B2 1/2005 Weisman
6,850,837 B2 2/2005 Paulauskas
6,888,438 B2 5/2005 Hui
6,906,495 B2 6/2005 Cheng
7,000,660 B2 2/2006 Chen
7,003,728 B2 2/2006 Berque
7,027,995 B2 4/2006 Kaufman
7,042,196 B2 5/2006 Ka Lai
7,043,532 Bl 5/2006 Humpleman
7,084,758 Bl 8/2006 Cole
7,124,164 B1  10/2006 Chemtob
7,139,976 B2  11/2006 Kausik
7,149,776 Bl  12/2006 Roy
7,163,263 Bl 1/2007 Kurrasch
7,180,503 B2 2/2007 Burr
7,212,414 B2 5/2007 Baarman

7,221,937
7,239,110
7,248,017
7,266,383
7,268,682
7,293,243
7,340,769
7,370,269
7,393,053
7,394,405
7,421,069
7,474,058
7,475,078
7,495,414
7,499,462
7,518,267
7,519,664
7,522,878
7,525,283
7,526,525
7,554,316
7,554,437
7,576,514
7,577,522
7,590,941
7,605,496
7,612,528
7,615,936
7,619,366
7,622,891
7,634,533
7,639,110
7,639,514
7,639,994
7,643,312
7,649,454
7,664,870
7,689,655
7,693,935
7,707,249
7,714,537
7,715,831
7,734,690
7,735918
7,741,734
7,810,025
7,825,543
7,844,306
7,847,675
7,849,135
7,863,861
7,868,482
7,868,587
7,869,941
7,873,470
7,881,233
7,885,925
7,893,953
7,896,436
7,898,105
7,904,209
7,915,858
D636,333
7,925,308
7,925,525
7,932,618
7,941,133
7,941,753
7,948,448
7,952,324
7,953,369
7,965,859
7,973,635
7,973,657
7,989,986
7,999,669
8,004,235
8,021,164
8,022,576

5/2007
7/2007
7/2007
9/2007
9/2007
11/2007
3/2008
5/2008
7/2008
7/2008
9/2008
1/2009
1/2009
2/2009
3/2009
4/2009
4/2009
4/2009
4/2009
4/2009
6/2009
6/2009
8/2009
8/2009
9/2009
10/2009
11/2009
11/2009
11/2009
11/2009
12/2009
12/2009
12/2009
12/2009
1/2010
1/2010
2/2010
3/2010
4/2010
4/2010
5/2010
5/2010
6/2010
6/2010
6/2010
10/2010
11/2010
11/2010
12/2010
12/2010
1/2011
1/2011
1/2011
1/2011
1/2011
2/2011
2/2011
2/2011
3/2011
3/2011
3/2011
3/2011
4/2011
4/2011
4/2011
4/2011
5/2011
5/2011
5/2011
5/2011
5/2011
6/2011
7/2011
7/2011
8/2011
8/2011
8/2011
9/2011
9/2011

Lau

Cheng
Cheng
Anderson
Bialecki, Ir.
Ben-Shachar
Baugher
Prabhu
Kurrasch
Godden
Vernon
Baarman
Kiilerich
Hui
MacMullan
Baarman
Karaki
Baarman
Cheng
Hagale
Stevens
Axelsen
Hui
Rosenberg
Wee
Stevens
Baarman
Baarman
Diederiks
Cheng
Rudolph
Baarman
Baarman
Greene
Vanderelli
Singh
Baek
Hewitt
Weber
Spataro
Cheng
Wakefield
Moromisato
Beck
Joannopoulos
Blair
Karalis
Shearer
Thyen
Agrawal
Cheng
Greene
Stevens
Coughlin
Baba et al.
Bieselin
Strong
Krestakos
Kurrasch
Greene
Podgorny
Liu
Kulikowski
Greene
Chin
Baarman
Aaron
Meisels
Hutchinson
Cheng
Baarman
Marks
Baarman
Ayed
Baarman
Singh
Baarman
Epstein
Joannopoulos



US 10,970,662 B2

Page 3

(56)

8,024,661
8,026,908
8,028,020
8,032,705
8,035,255
8,035,340
8,039,995
8,040,103
8,041,586
8,049,301
8,054,854
8,055,310
8,055,644
8,057,069
8,061,864
8,069,100
8,069,465
8,073,614
8,076,800
8,076,801
8,081,083
8,084,889
8,091,029
8,093,758
8,097,983
8,097,984
8,102,235
8,106,539
8,112,100
8,115,448
8,116,681
8,116,683
8,117,262
8,120,311
8,126,974
8,127,155
8,129,864
8,138,875
8,140,701
8,141,143
8,149,104
8,150,449
8,159,090
8,164,222
8,170,946
8,174,152
8,180,663
8,188,856
8,200,520
8,204,272
8,204,935
8,209,618
8,214,061
8,219,115
8,222,827
8,223,508
8,228,025
8,228,026
8,234,189
8,238,125
8,239,890
8,259,428
8,262,244
8,266,535
8,269,456
8,270,320
8,280,453
8,280,948
8,290,479
8,296,669
8,299,753
8,300,784
8,301,077
8,301,079
8,301,080

U.S. PATENT DOCUMENTS

B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
Bl
B2
B2
B2
B2
B2
Bl
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
Bl
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
Bl
B2

References Cited

9/2011
9/2011
9/2011
10/2011
10/2011
10/2011
10/2011
10/2011
10/2011
112011
112011
112011
112011
112011
112011
112011
112011
12/2011
12/2011
12/2011
12/2011
12/2011
1/2012
1/2012
1/2012
1/2012
1/2012
1/2012
2/2012
2/2012
2/2012
2/2012
2/2012
2/2012
2/2012
2/2012
3/2012
3/2012
3/2012
3/2012
4/2012
4/2012
4/2012
4/2012
5/2012
5/2012
5/2012
5/2012
6/2012
6/2012
6/2012
6/2012
7/2012
7/2012
7/2012
7/2012
7/2012
7/2012
7/2012
8/2012
8/2012
9/2012
9/2012
9/2012
9/2012
9/2012
10/2012
10/2012
10/2012
10/2012
10/2012
10/2012
10/2012
10/2012
10/2012

Bibliowicz
Ku

Huck
Klitsner
Kurs
Stevens
Stevens
Hui
Jethani
Hui
Poslinski
Beart
Crowley
Mangiardi
Metcalf
Taylor
Bartholomay
Coughlin
Joannopoulos
Karalis
Hinterlong
Joannopoulos
Gay
Hussmann
Karalis
Baarman
Hui
Schatz
Frank
John
Baarman
Baarman
Kumar
Baarman
Lyle
Baarman
Baarman
Baarman
Rajan

Lee

Crum
Onozawa
Greene
Baarman
Blair
Baumann
Tischhauser
Singh
Chen
Marks
Vernon
Garofalo
Westrick, JIr.
Nelissen
Kuennen
Baarman
Ho
Johnson
Taylor
Fells
Kooman
Mollema
Metcalf
Brown
Hui

Boyer
Beart
Chen
Aaron
Madonna
Hui

Choi

Xue
Baarman
Baarman

8,304,935 B2
8,315,561 B2
8,315,621 B2
8,315,650 B2
8,324,759 B2
8,327,410 B2
8,338,990 B2
8,339,274 B2
8,341,532 B2
8,346,166 B2
8,346,167 B2
8,350,971 B2
8,351,856 B2
8,352,296 B2
8,354,821 B2
8,362,651 B2
8,364,400 B2
8,370,516 B2
8,373,310 B2
8,373,386 B2
8,375,103 B2
8,380,255 B2
8,380,786 B2
8,385,894 B2
8,390,669 B2
8,395,282 B2
8,395,283 B2
8,400,017 B2
8,400,018 B2
8,400,019 B2
8,400,020 B2
8,400,021 B2
8,400,022 B2
8,400,023 B2
8,400,024 B2
8,407,289 B2
8,410,636 B2
8,415,897 B2
8,421,407 B2
8,423,288 B2
8,432,062 B2
8,438,333 B2
8,441,154 B2
8,441,354 B2
8,443,035 B2
8,446,046 B2
8,446,450 B2
8,450,877 B2
8,456,509 B2
8,457,888 B2
8,461,719 B2
8,461,720 B2
8,461,721 B2
8,461,722 B2
8,461,817 B2
8,466,583 B2
8,471,410 B2
8,473,571 B2
8,476,788 B2
8,482,158 B2
8,482,160 B2
8,484,494 B2
8,487,480 Bl
8,489,329 B2
8,494,143 B2
8,497,601 B2
8,499,119 B2
8,504,663 B2
8,508,077 B2
8,510,255 B2
8,519,668 B2
8,527,549 B2
8,527,610 B2
8,528,014 B2
8,531,153 B2
8,531,294 B2
8,533,268 Bl
8,538,330 B2
D692,010 S

11/2012
11/2012
11/2012
11/2012
12/2012
12/2012
12/2012
12/2012
12/2012
1/2013
1/2013
1/2013
1/2013
1/2013
1/2013
1/2013
1/2013
2/2013
2/2013
2/2013
2/2013
2/2013
2/2013
2/2013
3/2013
3/2013
3/2013
3/2013
3/2013
3/2013
3/2013
3/2013
3/2013
3/2013
3/2013
3/2013
4/2013
4/2013
4/2013
4/2013
4/2013
5/2013
5/2013
5/2013
5/2013
5/2013
5/2013
5/2013
6/2013
6/2013
6/2013
6/2013
6/2013
6/2013
6/2013
6/2013
6/2013
6/2013
7/2013
7/2013
7/2013
7/2013
7/2013
7/2013
7/2013
7/2013
7/2013
82013
82013
82013
82013
9/2013
9/2013
9/2013
9/2013
9/2013
9/2013
9/2013
10/2013

Karalis
Baarman
Lau

Lau

Karalis
Andersen
Baarman
Van De Sluis
Ryan
Baarman
Baarman
Malone
Baarman
Taneja
Cheng
Hamam
Coughlin
Salesky
Baarman
Baarman

Lin

Shearer
Hoffert
Takehara
Catchpole
Joannopoulos
Joannopoulos
Kurs
Joannopoulos
Joannopoulos
Joannopoulos
Joannopoulos
Joannopoulos
Joannopoulos
Joannopoulos
Chen

Kurs
Choong
Johnson
Stahl

Greene
Edwards, III
Karalis
Padmanabhan
Chen

Fells
Mauchly
Baarman
Khot
Ranford
Kesler

Kurs

Karalis

Kurs

Martin
Karalis
Karalis
Penner
Karalis

Kurs
Johnson
Siegel
Kesler
Coughlin
DeJana

Hall

Balraj
Lowery
Stevens
Fadell

Hui

Cidon

Koike
Reynolds
Baarman
Slavin
Vernon
Baarman
Verghese



US 10,970,662 B2

Page 4
(56) References Cited 8,731,116 B2 5/2014 Norconk
8,742,625 B2 6/2014 Baarman
U.S. PATENT DOCUMENTS 8,743,171 B2 6/2014 Hiller
8,743,198 B2 6/2014 Padmanabh
8,552,592 B2  10/2013 Schatz 8,756,348 B2 6/2014 Beel
8,554,476 B2  10/2013 Coughlin 8,760,007 B2 6/2014 Joannopoulos
8,554,477 B2  10/2013 Coughlin 8,760,008 B2 6/2014 Joannopoulos
8,558,411 B2  10/2013 Baarman 8,760,265 B2 6/2014 Krueger
8,558,693 B2  10/2013 Martin 8,766,484 B2 7/2014 Baarman
8.560.024 B2 10/2013 Beart 8,766,485 B2 7/2014 Joannopoulos
8.560.128 B2  10/2013 Ruff 8,766,487 B2  7/2014 Dibben
8,560,232 B2 10/2013 Coughlin 8,767,032 B2 7/2014 Rodman
8,567,048 B2  10/2013 Singh 8,768,309 B2 7/2014 Robbins
8569914 B2 10/2013 Karalis 8,772,971 B2 7/2014 Joannopoulos
8,587,153 B2  11/2013 Schatz 8,772,972 B2 7/2014 Joannopoulos
8,587,154 B2 11/2013 Fells 8,772,973 B2 72014 Kurs
8,587,155 B2 11/2013 Giler 8,782,527 B2 72014 Karlson
8,593,105 B2 11/2013 Baarman 8,788448 B2 7/2014 Fadell
8,594,201 B2  11/2013 Bieselin 8,792912 B2~ 7/2014 Gits et al.
8,596,716 B1  12/2013 Caruso 8,797,159 B2 8/2014 Kirkpatrick
8,598,721 B2  12/2013 Baarman 8,810,379 B2 82014 Murphy
8,598,743 B2  12/2013 Hall 8,812,028 B2 82014 Yariv
8,600,670 B2  12/2013 Kim 8,813,196 B2 8/2014 Weller
8,604,714 B2  12/2013 Mohan 8,819,136 Bl 8/2014 Vernon
8,610,400 B2  12/2013 Stevens 8,819,138 B2 822014 Houston
8,610,530 B2  12/2013 Singh 8,825,597 Bl 9/2014 Houston
8,618,696 B2  12/2013 Kurs 8,838,681 B2 972014 Motes
8,618,749 B2  12/2013 Kuennen 8,842,153 B2 9/2014 Ranganath
8,618,770 B2  12/2013 Baarman 8,843,816 B2~ 9/2014 Stull
8,620,484 B2  12/2013 Baarman 8,849.914 B2 922014 Bove
8,620,841 Bl  12/2013 Filson 8,856,256 B1  10/2014 Srinivasan
8,621,245 B2 12/2013 Shearer 8,806,619 B2 10/2014 Knibbe
D697,477 S 1/2014 Jonas, 111 8,872,432 B2 1022014 Kercso
8,622,314 B2  1/2014 Fisher 8,875,195 B2 102014 Ogle
8,629,578 B2  1/2014 Kurs 8,878,439 B2  11/2014 Noguchi
8,629,755 B2 1/2014 Hashim-Waris 8,884,742 B2 11/2014 Gits et al.
8.630.741 Bl 1/2014 Matsuoka 8,887,069 B2  11/2014 Tipirneni
8,631,126 B2  1/2014 Veiseh 8,896,656 B2  11/2014 Epstein
8638062 B2  1/2014 Baarman 8,898,231 B2  11/2014 Crawford
8643326 B2 2/2014 Campanella 8,904,293 B2  12/2014 Bastide
8,650,600 B2 2/2014 Ogle 8,909,702 B2  12/2014 Golovchinsky
8,653,927 B2 2/2014 Singh 9,098,502 Bl 82015 Horling
8,659,417 Bl 2/2014 Trundle 9,176,214 B2  11/2015 Berrett et al.
8,660,790 B2 2/2014 Stahl 9,204,251 B1  12/2015 Mendelson
8,665,310 B2 3/2014 Verthein 9,247,828 B2 2/2016 Cvek
8,666,051 B2  3/2014 Gilzean 9,339,106 B2 5/2016 Epstein
8,667,401 Bl  3/2014 Lozben 9,380,682 B2 62016 Mead
8,667,452 B2  3/2014 Verghese 9,465,524 B2 10/2016 Epstein
8,669,676 B2  3/2014 Karalis 9,642,219 B2 52017 Mead
8,669,844 B2  3/2014 Walker 9,716,861 Bl 72017 Poel
8,670,018 B2 3/2014 Cunnington et al. 9,766,079 Bl 92017 Poel
8,680,960 B2 3/2014 Singh 9,852,388 Bl 12/2017 Swieter
8,683,345 B2 3/2014 Lee 9,871,978 Bl 1/2018 Epstein et al.
8.686.598 B2 4/2014 Schatz 9,877,266 Bl 1/2018 Knas et al.
8,686,647 B2  4/2014 Ono 9921,726 B 3/2018 Sculley
8,687,452 B2 4/2014 Kishibe 9,955,318 Bl 4/2018 Scheper
8,688,100 B2 4/2014 Aaron 9,980,112 Bl 5/2018 Newby ... HO04W 4/029
8,690,362 B2 4/2014 Wendt 10,021,530 B2~ 7/2018 Sigal
8,692,410 B2 4/2014 Schatz 10,038,952 B2 7/2018 Labrosse et al.
8.692.412 B2 4/2014 TFiorello 10,044,871 B2 8/2018 Bargetzi .................. HO04W 4/06
8,692,630 B2  4/2014 Baarman 10,057,963 B2 82018 Mead
8.692.641 B2  4/2014 Singh 10,161,752 Bl 12/2018 Poel et al.
8,692,642 B2 4/2014 Singh 10,225,707 Bl 3/2019 Scheper et al.
8.694.026 B2 4/2014 TForstall 10,353,664 B2 7/2019 Poel et al.
8694165 B2  4/2014 Smith 10,433,646 Bl 10/2019 Schmidt et al.
8.694.597 Bl 4/2014 Raj 10,459,611 Bl 10/2019 Sculley et al.
8,698,590 B2 4/2014 Singh 10,614,694 Bl 4/2020 Zwier et al.
8,698,591 B2 4/2014 Singh 10,664,772 Bl 5/2020 Poel et al.
8,700,060 B2 4/2014 Huang 2001/0051885 Al  12/2001 Nardulli
8,707,546 B2 4/2014 Singh 2002/0015097 Al 2/2002 Martens
8,710,948 B2 4/2014 Singh 2002/0130834 Al 9/2002 Madarasz
8,712,858 B2 4/2014 Blair 2003/0097284 Al 5/2003 Shinozaki
8,713,112 B2 4/2014 Hewitt 2003/0103075 Al 6/2003 Rosselot
D705,745 S 5/2014 Kurs et al. 2003/0218537 Al 11/2003 Hoch
8,716,903 B2  5/2014 Kurs 2004/0001095 Al 1/2004 Marques
8,717,400 B2  5/2014 Ranganath 2004/0015401 Al 1/2004 Lee et al.
8,719,070 B2 5/2014 Jabbour 2004/0051644 Al 3/2004 Tamayama et al.
8,723,366 B2 5/2014 Fiorello 2004/0051813 Al 3/2004 Marmaropoulos
8,729,737 B2 5/2014 Schatz 2004/0141605 Al 7/2004 Chen



US 10,970,662 B2

Page 5
(56) References Cited 2010/0259110 Al 10/2010 Kurs
2010/0274855 Al 10/2010 Wassingbo
U.S. PATENT DOCUMENTS 2010/0277121 Al 11/2010 Hall
2010/0283600 Al  11/2010 Herbert
2004/0153504 Al  8/2004 Hutchinson 2010/0308939 Al 12/2010 Kurs
2004/0210933 Al  10/2004 Dresti 2010/0315483 Al 122010 King
2004/0215694 Al  10/2004 Podolsky 2010/0319066 Al 12/2010 Berry
2004/0261013 Al 12/2004 Wynn 2011/0043049 Al 2/2011 Karalis
2005/0018826 Al 1/2005 Benco 2011/0072482 Al 3/2011 Lau
2005/0027581 Al 2/2005 Kjesbu 2011/0074346 Al 3/2011 Hall _
2005/0071213 Al 3/2005 Kumhyr 2011/0084804 Al 4/2011 Khorashadi
2005/0160368 Al 7/2005 Liu 2011/0088056 Al 4/2011 Ansari
2005/0197877 Al*  9/2005 Kalinoski ......... G06Q 10/1095 2011/0095618 Al 4/2011 Schatz
705/7.19 2011/0121920 Al 5/2011 Kurs
2005/0218739 Al  10/2005 Maddin 2011/0126127 Al 5/2011 Mariotti
2005/0235329 Al 10/2005 Karaoguz 2011/0149809 Al 6/2011 Narayanaswamy
2005/0273372 Al 12/2005 Bowns 2011/0153738 Al 6/2011 Bedingfield
2005/0273493 Al  12/2005 Buford 2011/0223809 Al 9/2011 Hiraide
2006/0009215 Al 1/2006 Bogod 2011/0225563 Al 9/2011 Kim
2006/0015376 Al 1/2006 Sattler 2011/0231216 Al 9/2011 Fyke
2006/0021363 Al 2/2006 Mizukoshi 2011/0244798 Al 10/2011 Daigle
2006/0026502 Al 2/2006 Dutta 2011/0267002 Al 11/2011 Baarman et al.
2006/0045107 Al 3/2006 Kucenas 2011/0270952 Al 112011 Ray
2006/0080007 Al 4/2006 Gerard of al. 2011/0295392 A1 12/2011 Cunnington
2006/0080432 Al 4/2006 Spataro 2011/0296465 Al 12/2011 Krishnan
2006/0168618 Al 7/2006 Choi 2012;0007441 Al 1;2012 Johfll)
2006/0218027 Al 9/2006 Carrion 2012/0016678 Al 12012 Gruber
2007/0094065 Al 4/2007 Wu 2012/0022909 Al 1/2012  Ayatollahi
2007/0118415 Al 5/2007 Chen 2012/0032484 Al 2/2012 Cvek
2007/0136095 Al 6/2007 Weinstein 2012/0032522 Al 2/2012 Schatz
2007/0162315 Al 7/2007 Hodges 2012/0062345 Al 3/2012 Kurs
2007/0197239 Al 8/2007 Sane 2012/0068549 Al 3/2012 Karalis
20070198744 Al $/2007 Wensley 2012/0068832 Al 3/2012 Feldstein
20070216131 Al 9/2007 Potappel 2012/0072030 Al 3/2012 Elliott
2007/0226034 Al 9/2007 Khan 2012/0078676 Al 3/2012 Adams
2007/0282661 Al 1212007 Franco 2012/0086284 Al 4/2012 Capanella
2007/0288201 Al 12/2007 Farle 2012/0086867 Al 4/2012 Kesler
2008/0028323 Al 1/2008 Rosen 2012/0089722 Al 4/2012 Enholm
2008/0091503 Al  4/2008 Schirmer 2012/0091794 Al 4/2012 Campanella
20080122635 Al 52008 Fujikawa 2012/0091795 Al 4/2012 Fiorello
2008/0162198 Al 7/2008 Jabbour 2012/0091796 Al 4/2012 Kesler
2008/0184115 Al 7/2008 Back 2012/0091797 Al 4/2012 Kesler
2008/0201664 Al 82008 O 2012/0091819 Al 4/2012 Kulikowski
20080239994 Al 10/2008 Xiong 2012/0091820 Al 4/2012 Campanella
2008/0244417 Al 10/2008 Simpson 2012/0091949 Al 42012 Campanella
2008/0288355 Al 1172008 Rosen 2012/0091950 Al 4/2012 Campanella
20080291021 Al 11/2008 Bhogal 2012/0098350 Al 4/2012 Campanella
2008/0300660 Al  12/2008 John 2012/0112531 Al 5/2012 Kesler
2009/0019367 Al 1/2009 Cavagnari 2012/0112532 Al 52012 Kesler
2009/0055234 Al 2/2000 1. 2012/0112534 Al 5/2012 Kesler
2009/0066486 Al 3/2009 Kiekbusch 2012/0112535 Al 5/2012 Karalis
2009/0094533 Al 4/2009 Bozionek 2012/0112536 Al 5/2012 Karalis
2009/0106567 Al 4/2009 Baarman 2012/0112538 Al 52012 Kesler
2009/0146082 Al 6/2009 Thielman 2012/0112668 Al 5/2012 Van de Sluis et al.
2009/0164581 Al 6/2009 Bove 2012/0112691 Al 5/2012 Kurs -
2009/0210822 Al 8/2009 Schindler 2012§0119569 Al 5;2012 Karalis
2009/0212637 Al $/2009 Baarman 2012/0119575 Al 5/2012 Kurs
2009/0271713 Al 10/2009 Stull 2012/0119576 Al 5/2012 Kesle_r
2009/0286556 Al 11/2009 Yumoto et al. 2012/0119698 Al 52012 Karalis
2009/0327227 Al 12/2009 Chakra 2012/0136572 Al 5/2012 Norton
2010/0017245 Al 1/2010 Kristiansen 2012/0139355 Al 6/2012 Ganem
2010/0037151 Al 2/2010 Ackerman 2012/0184338 Al 7/2012 Kesler
2010/0070334 Al 3/2010 Monteverde 2012/0192084 Al 7/2012 Dura
2010/0088239 Al 4/2010 Blair 2012/0204272 Al 82012 Svensson
2010/0102640 Al 4/2010 Joannopoulos 2012/0206050 Al 82012 Spero
2010/0127575 Al 5/2010 Joannopoulos 2012;0206096 Al 8;2012 John
2010/0133918 Al 6/2010 Joannopoulos 2012/0216129 Al 82012 Ng
2010/0133919 Al 6/2010 Joannopoulos 2012/0223573 Al 92012 Schatz
2010/0133920 Al 6/2010 Joannopoulos 2012/0228952 A1 9/2012 Hall
2010/0153160 Al 6/2010 Bezemer 2012/0228953 Al 9/2012 Kesler
2010/0153983 Al 6/2010 Philmon 2012/0228954 Al 9/2012 Kesler
2010/0179854 Al 7/2010 Shafer 2012/0228960 Al 9/2012 Karalis
2010/0187911 Al 7/2010 Joannopoulos 2012/0233205 Al 9/2012 McDermott
2010/0207458 Al 82010 Joannopoulos 2012/0235500 Al 9/2012 Ganem
2010/0219694 Al 9/2010 Kurs 2012/0235501 Al 9/2012 Kesler
2010/0219791 Al 9/2010 Cheng 2012/0235502 Al 9/2012 Kesler
2010/0231340 Al 9/2010 Fiorello 2012/0235503 Al 9/2012 Kesler
2010/0235216 Al 9/2010 Hehmeyer 2012/0235504 Al 9/2012 Kesler
2010/0256823 Al 10/2010 Cherukuri 2012/0235505 Al 9/2012 Schatz



US 10,970,662 B2

Page 6

(56) References Cited 2014/0044281 Al 2/2014 Ganem

2014/0044293 Al 2/2014 Ganem

U.S. PATENT DOCUMENTS 2014/0049118 Al 2/2014 Karalis

2014/0052974 Al 2/2014 Masters
2012/0235566 Al 9/2012 Karalis 2014/0054961 Al 2/2014 Metcalf
2012/0235633 Al 9/2012 Kesler 2014/0058778 Al 2/2014 McLarty ............ G06Q 10/1095
2012/0235634 Al 9/2012 Hall 705/7.19
2012/0239117 Al 9/2012 Kesler 2014/0062211 Al 3/2014 Hamam
2012/0239202 Al 9/2012 Voysey 2014/0067865 Al 3/2014 Kirigin
2012/0242159 Al 9/2012 Tou 2014/0074930 Al 3/2014 Kumashio
2012/0243158 Al 9/2012 Gentil 2014/0084703 Al 3/2014 Hall
2012/0248886 Al  10/2012 Kesler 2014/0084859 Al 3/2014 Hall
2012/0248887 Al  10/2012 Kesler 2014/0091636 Al 4/2014 Ofstein
2012/0248888 Al  10/2012 Kesler 2014/0091756 Al 4/2014 Ofstein
2012/0248981 Al  10/2012 Karalis 2014/0103738 Al 4/2014 Campanella
2012/0254909 Al  10/2012 Serdiuk 2014/0108084 Al 4/2014 Bargetzi et al.
2012/0256494 Al 10/2012 Kesler 2014/0108956 Al 4/2014 Varenhorst
2012/0274586 Al  11/2012 Southworth 2014/0109210 Al 4/2014 Borzycki
2012/0284672 Al  11/2012 Madonna 2014/0111304 Al 4/2014 Hashim-Waris
2012/0313449 Al 12/2012 Kurs 2014/0135648 Al 5/2014 Holoien
2012/0313742 Al 12/2012 Kurs 2014/0139426 Al 5/2014 Kryze
2012/0324589 Al  12/2012 Nukala 2014/0150059 Al 5/2014 Uchida
2012/0331108 Al 12/2012 Ferdowsi 2014/0159589 Al 6/2014 Pandharipande
2012/0331394 Al  12/2012 Trombley-Shapiro 2014/0159652 A1 62014 Hall
2013/0007949 Al 1/2013 Kurs 2014/0164934 Al 6/2014 Yang
2013/0013750 Al 1/2013 Butler 2014/0167618 Al 62014 Wang
2013/0018952 Al 1/2013 McConnell 2014/0175898 Al 6/2014 Kurs
2013/0018953 Al 1/2013 McConnell 2014/0181704 Al 6/2014 Madonna
2013/0020878 Al 1/2013 Karalis 2014/0181935 Al 6/2014 Beckmann
2013/0033118 Al 2/2013 Karalis 2014/0195149 Al 7/2014 Yang
2013/0038402 Al 2/2013 Karalis 2014/0195291 Al 7/2014 Aaron
2013/0041973 Al 2/2013 Zhou 2014/0195805 Al 7/2014 Koo
2013/0054863 Al 2/2013 Imes 2014/0203659 Al 7/2014 Madawala
2013/0057364 Al 3/2013 Kesler 2014/0203921 Al 7/2014 Baker
2013/0062966 Al 3/2013 Verghese 2014/0215551 Al 7/2014 Allain
2013/0069441 A1l 3/2013 Verghese 2014/0217785 Al 8/2014 Arens et al.
2013/0069543 Al 3/2013 Mohan 2014/0229578 Al 82014 Chu
2013/0069753 Al 3/2013 Kurs 2014/0236659 Al 8/2014 Hapse
2013/0073094 Al 3/2013 Knapton 2014/0244043 Al 82014 Foster
2013/0080255 Al 3/2013 Li et al. 2014/0253813 Al 92014 Bakar
2013/0088154 Al 4/2013 Van Hoof 2014/0259047 Al 9/2014 Bakar
2013/0099587 Al 4/2013 Lou 2014/0269531 Al 9/2014 Luna
2013/0113249 Al 5/2013 Cvek 2014/0274005 Al 9/2014 Luna
2013/0117158 Al 5/2013 Cvek 2014/0277757 Al 9/2014 Wang
2013/0157509 Al 6/2013 Srivastava 2014/0277763 Al 9/2014 Ramachandran
2013/0167039 Al 6/2013 Howell 2014/0278057 Al 9/2014 Berns
2013/0171981 Al 7/2013 Woo 2014/0282013 Al 9/2014 Amijee
2013/0175874 Al 7/2013 Lou 2014/0285113 Al 9/2014 Huang
2013/0181541 Al 7/2013 Karalis 2014/0297758 Al  10/2014 Kidron
2013/0198653 Al 8/2013 Tse 2014/0300277 Al  10/2014 Ono
2013/0199420 A1l 8/2013 Hjelm 2014/0302795 Al 10/2014 Chacon
2013/0200721 Al 8/2013 Kurs 2014/0354429 Al* 12/2014 Henderson ............. GO8B 21/22
2013/0208186 Al 8/2013 Malone 340/541
2013/0218829 Al 8/2013 Martinez 2014/0365568 Al  12/2014 Huang et al.
2013/0221744 Al 8/2013 Hall 2015/0005011 Al 1/2015 Nehrenz et al.
2013/0234481 Al 9/2013 Johnson 2015/0012843 Al 1/2015 Ouyang et al.
2013/0234531 Al 9/2013 Budgett 2015/0015399 Al 1/2015 Gleckler et al.
2013/0241439 Al 9/2013 Nishigaki 2015/0035440 Al 2/2015 Spero
2013/0246901 Al 9/2013 Massano 2015/0069915 Al 3/2015 Ogawa
2013/0249410 Al 9/2013 Thompson 2015/0085063 Al 3/2015 Fish et al.
2013/0262687 Al  10/2013 Avery 2015/0179012 Al 6/2015 Sharpe
2013/0278073 Al  10/2013 Kurs 2015/0193739 Al 7/2015 Min et al.
2013/0278074 Al  10/2013 Kurs 2015/0195620 Al 7/2015 Buchner et al.
2013/0278075 Al 10/2013 Kurs 2015/0200982 Al 7/2015 Velagaleti et al.
2013/0283325 Al 10/2013 Chiniara 2015/0201480 Al 7/2015 Ogawa
2013/0300353 Al 11/2013 Kurs 2015/0229644 Al 8/2015 Nozawa ................ HO04L 63/107
2013/0304924 Al 11/2013 Dhara 726/4
2013/0307349 Al 11/2013 Hall 2015/0296594 Al 10/2015 Blum
2013/0314543 Al 11/2013  Sutter 2015/0301727 Al  10/2015 Miyazawa et al.
2013/0320773 Al 12/2013 Schatz 2015/0330780 Al 11/2015 Yuzawa
2013/0334892 Al  12/2013 Hall 2015/0369612 Al* 12/2015 Nishimura ......... GO1C 21/3484
2013/0334973 Al  12/2013 Wagenaar Cacciola 701/537
2014/0002012 Al 1/2014 McCauley 2015/0370272 Al 12/2015 Reddy
2014/0021798 Al 1/2014 Kesler 2016/0044071 Al 2/2016 Sandholm
2014/0026025 Al 1/2014 Smith 2016/0049064 Al 2/2016 McNabb et al.
2014/0028112 Al 1/2014 Hui 2016/0171566 Al 6/2016 Pugh ................ G06Q 30/0281
2014/0032327 Al 1/2014 Prakash et al. 705/346
2014/0035378 Al 2/2014 Kesler 2016/0304013 Al  10/2016 Wolas et al.
2014/0035704 Al 2/2014 Efe 2016/0327922 Al 11/2016 Sekiguchi



US 10,970,662 B2

Page 7
(56) References Cited WO 2013122483 Al 8/2013
WO 2014007656 Al 1/2014
U.S. PATENT DOCUMENTS WO 2014011059 Al 1/2014
WO 2014035260 Al 3/2014
2016/0342950 A1 11/2016 Pignataro WO 2014035263 Al 3/2014
2017/0046113 Al 2/2017 Noyes et al. WO 2014038966 Al 3/2014
2017/0060350 Al  3/2017 Zheng et al. WO 2014054953 Al 4/2014
2017/0083275 Al 3/2017 Shin et al. wo 2014094107 AL 6/2014
2017/0208664 Al 7/2017 Mead WO 2014139781 A2 972014
2018/0107444 Al 4/2018 Dunn et al.
2018/0143025 Al 5/2018 Kurata et al. OTHER PUBRLICATIONS
2019/0053012 Al 2/2019 Hill
2019/0272141 Al 9/2019 Poel et al. Citrix, GoToMeeting User Guide, Copyright 2015 Citrix Systems.
2019/0294018 Al* 9/2019 Shrivastava ............ E06B 9/24 Join.me forum and FAQ, Apr. 3, 2014.
2020/0096573 Al 3/2020 Cha Cisco, WebEx Meeting Center User Guide for Hosts, Presenters,
2020/0116493 Al 4/2020 Colburn et al. and Participants, Version 8.23, Copyright 1997-2011 Cisco and/or
2020/0250879 Al*  8/2020 Foster ................. GO6T 7/75 its affiliates.
Krumm, et al., The NearMe Wireless Proximity Server, UbiComp
FORFEIGN PATENT DOCUMENTS 2004, The Sixth International Conference on Ubiquitous Comput-
ing, pp. 283-300, Sep. 7-10, 2004.
AU 2013203947 Al 5/2013 NFS Technology Group, Rendezvous—Technology for Meeting
CN 102239633 A 11/2011 Room, Desk Scheduling and Event Management, http://myrendezvous.
CN 102439669 A 5/2012 net/rendezvous-event-booking-software/calendar-management/.
CN 102870338 A 12013 Citrix, GoToWebinar User Guide, Copyright 2015 Citrix Systems.
FP 0935263 A2 8/1999 CiviCRM Books: User and Administrator Guide for Version 4.5,
FP 2367146 Al 9/2011 Published Sep. 2014, http://book.civicrm.org/user/current/email/
EP 2388977 Al  11/2011 scheduled-reminders/.
EP 2439686 Al 4/2012 Lee, TechnicLee—My Thoughts on Technology, Business, and
KR 20140007006 A 1/2014 Innovation, Posted in Outlook, Scripting, Jan. 20, 2012, http://
WO 2007008646 A2 1/2007 techniclee.wordpress.com/2012/01/20/sending-a-meeting-reminder-
wO 2008118178 Al 10/2008 email-in-outlook/.
WO 2009085896 Al 7/2009 Events and Room Reserve Scheduled Task Setup for Email Noti-
WO 2009108958 Al 9/2009 fications, Article No. 268, Apr. 22, 2013, http://kb.evanced.info/
WO 2009108959 Al 9/2009 article php?id=268.
Wwo 2010093997 Al 8/2010 Oracle Communications, Oracle Data Sheet—Calendar Server, Copy-
WO 2011034759 A2 3/2011 right 2015 Oracle and/or its affiliates, http://www.oracle.com/us/
WO 2011099873 Al 8/2011 . . S D
WO 5011112795 Al 9/2011 industries/communications/communications-calendar-server-ds-
WO 2012037279 Al 3/2012 071728 pdt. _ _ e
WO 2012170278 A3 12/2012 Stirworks, Inc., The Height-Adjustable, Standing Stir Kinetic Desk,
WO 2013008252 A2 1/2013 http://www.stirworks.com/, Copyright 2015 Stirworks, Inc., 6 pages.
WO 2013059441 Al 4/2013
WO 2013112185 A2 82013 * cited by examiner



U.S. Patent Apr. 6, 2021 Sheet 1 of 78 US 10,970,662 B2

20e

N (%

Facility 2

24b
=

‘33\‘\2431

26

N\

40

38-)

118 ~~a



US 10,970,662 B2

Sheet 2 of 78

Apr. 6, 2021

U.S. Patent

Z ‘B4
£8 STIMUSA ]

jeufiicy so1084Q
ABUSIR W

| P




U.S. Patent Apr. 6, 2021 Sheet 3 of 78 US 10,970,662 B2

(- ~
N\ ™ 4 ) 4 ™
J \. \, Vv,
' { 3
. J \, v,
4 A { ) 4 ~\ 7 \
\. » 7 \, o
' ™) ™\ ' ™\
| — 163
//
60~ ] 1
\, J \. / ~ / // 65
( Ny { ™y

160 4 L J L )
Corp Maps  Compass Room Peak

HjEgEis




U.S. Patent Apr. 6, 2021 Sheet 4 of 78 US 10,970,662 B2

( !

Compass  Search Mobile Da




U.S. Patent Apr. 6, 2021 Sheet 5 of 78 US 10,970,662 B2

40

{Motion) l Clock ’
64
N

Sensor 2

B

(Temperature) Processor Trasceiver
66
N\

Sensor 3 27

{Sound) Power/ Storaae
. J Battery ¢

68

Sensor N
{CO2)




U.S. Patent Apr. 6, 2021 Sheet 6 of 78 US 10,970,662 B2

L]
J%
54

Fig.

0]
a3
X



U.S. Patent Apr. 6, 2021 Sheet 7 of 78

87 _\ /— 50a

Charge
82 —~ Contacts

(oos )

Processor

84 —

Power/ Storage
Battery 9

90

Indicator

38

Trasceiver

US 10,970,662 B2

49

67 —

Charge
Contacts

EFthernet
Jack




U.S. Patent Apr. 6, 2021 Sheet 8 of 78 US 10,970,662 B2

16

(Database
Maps
Server Employee List/Preferences
S Resource Schedules
Sensed Data From 14
Enterprise
Resource Database

’m) Descriptions
P images

60

52




U.S. Patent Apr. 6, 2021 Sheet 9 of 78 US 10,970,662 B2

e
o3
-

¥ ....................................................
O
©
(@]
% x
................. J .9
] :
i !
K
'@
e
8
ey
it
\°




U.S. Patent Apr. 6, 2021 Sheet 10 of 78 US 10,970,662 B2

104 Create Database Of Entity Facilities, Resourcas,
Employees For Each Entity Registered With The System

Known Locations In Spac

100 v
\ 104 \{ Place Data Collectors At )
e

106 —{ Associate Tracking Devices With Each
Resources {Hardware, Employees, atc.)

Y

108 Use Tracking Device To Sense
Resource Characteristic(s)

110 Transmit Resource ID And Resource
Characteristics To Stationary/Portable
Data Collector(s)

Y

Receive Resource 1D And
Resource Characteristics
At Server

Y

Identify Location/Qrientation
Of Resource From Received
Information

Y

116 Access 2D/3D Resource
Representation{s)

118 { Build Virtual View Of Space For

112

A

114

2

Access By Space Users Including
Hardware And Employees

L
Store Virtual View)

Fig. 10

L

120




U.S. Patent Apr. 6, 2021 Sheet 11 of 78

US 10,970,662 B2

Receive Request For System]

information Via Employse’ s
Portable Device

Y

144
identify Request Criteria (e.g., Location,
Query Content, elc.)

146 Use Criteria As Filter To Generate
Content View (e. g Map, List, slc.)

Transmat Content
View To Requesting
Devsce

Dfspiay Content
View On
Requestmg Device

Fig. 11



U.S. Patent Apr. 6, 2021 Sheet 12 of 78 US 10,970,662 B2

{ N

[ [ L [

/]

~ 20k

60-\\

190 192

182 ——~

Compass  Search Mobile Da

Fig. 12



U.S. Patent Apr. 6, 2021 Sheet 13 of 78 US 10,970,662 B2

( R

Vs 220

L~ 224

160 —

|~ 226

232
/

[ Review )

Art

o <1 Blue
{j o

60 "\ Carly

: 1 O,\:ﬁr"' Crely

1
!
{

..
s
1
Qo .
’
) 4
-

-

~.}
¢
t

[ Conference Room AAA ]

Compass  Search Mobile Da

Fig. 13



U.S. Patent Apr. 6, 2021 Sheet 14 of 78 US 10,970,662 B2

4 N

225 *\\ O
236 —k Upload Review
QP |

234 "\\\

Add Review Of Confarence Room AAA

Type of space: Pearsonal Diadic Conference
Whiteboard? Yes No
Display screens? Yeas No

230 TN Projector(s)? Yes No

Number of Seals? 1234568 12 18 44 50

Lighting? Inadequate Adequate Optimal

Overall ratings? 123456788910

{Generai Comments: )
Pz )

238 -
240 —_|
Submit )
Compass  Search Mobile Da

. J/

Fig. 14



U.S. Patent Apr. 6, 2021 Sheet 15 of 78 US 10,970,662 B2

Fig. 15



U.S. Patent Apr. 6,2021

Sheet 16

of 78

US 10,970,662 B2

,»A{” o
g

Social
Media 1

Sooial
Meadia 2

Social
Media 3

Share
File
T
G

Compass

Search  Mobile Day

Fig. 16



U.S. Patent Apr. 6, 2021 Sheet 17 of 78 US 10,970,662 B2

g 2

206 ~
N
310 N
\\ Select File(s) To Share With Jill l
File 1
60a ‘\
312 —17
File N
Share
3 T [ Conferance Room AAA ]
Compass  Search Mobile Day
\_ J

Fig. 17



U.S. Patent Apr. 6, 2021 Sheet 18 of 78 US 10,970,662 B2

e ™
360 —

320~ |
P~
330 ~_|
332 L L 340
334 \\ ' 344
e
3'0;2 ;\: 346
421 :
B N & T 333
~— 165
324 —17
Shanghi §
E 1AM ¥
80 ~
325 —| |
323 ——1
327 —17]

{.os Angles
10AM

Compass  Search Mobile Day

Fig. 18



U.S. Patent Apr. 6, 2021 Sheet 19 of 78 US 10,970,662 B2

. ™
>
160 ~
\ x
What would you like
to search for?
(Palo Alto Facility ]
275
\\ r ™\
\\ Conference o (s
by [ B S;:}ace ersonai opadce 277
287~ ( | )
et L—1 283
Bt Printer Projsctor ]
288 i ]
I Other
&0 ~
279 _”/[ Person ]
190 —L_| Select A Different Facility \l 273
Compass  Search Mobile Day

Fig. 19



U.S. Patent Apr. 6, 2021 Sheet 20 of 78 US 10,970,662 B2

. ™
D
160 \\ Pick a facility you want fo view...
j——— /— 352
350
-\\\ /
S
Palo Alto Shanghi

356
/.

60 ~ /

3564 — /

\\ /

Grand Rapids Los Angles
— 190

Compass  Search Mobile Day

Fig. 20



U.S. Patent Apr. 6, 2021 Sheet 21 of 78 US 10,970,662 B2
e )
—D> 32
370 / L1 — 385
371 —— ,%/
A Cop e
374 387
<166
383 — X
g | o) — 350
GRS
HARBOR 1 CONFERENCE SPACE
384 — . 384
N Loz
WHITEBOARD AT e
60— || LARGE ELECTRONIC SHARING
DISPLAYS (3)
PRINTER : -
. CAPACITY: 6 SEATS 380
388 5
=== >
GAN MM IOM LAML2PMIPM_2PM 3PM)| | oo
(RESERVE )]
COMPASS  SEARCH MOBILE DAY

Fig. 21




U.S. Patent Apr. 6, 2021 Sheet 22 of 78 US 10,970,662 B2

e D

O

391 —

™ [ Enter characteristics of space you are looking
for:

*Capacity (Seats):

Technology
[X] Whiteboard
Sharing Electronic Displays
[ Printer
L] Projector
Teleconference Equipment

390 ——_|

NG| Availability

T Date (775 )

6803 ~ 8AM 10AM  11AM  12AM 1PM 2PM 3PM
’
“ John Sarget
394 —
} 7 Jim Salinger - 398
296 — George Pinkors /
Mary Barta ¢
Compass Search Mobile Da
\. J

Fig. 22



U.S. Patent

400 —

Apr. 6, 2021 Sheet 23 of 78

US 10,970,662 B2

-~

~\

Compass  Search Mobile Day

@)

Fig. 23



U.S. Patent Apr. 6, 2021 Sheet 24 of 78 US 10,970,662 B2

{ N
| G
160
\\,
420 ~_
“ 10:30AM -
-~ 11:50AM
» Meeting with A 166
436 <1 sales team from
428
426 ———*”f
60 N
— 432
Paris ~
438 ’°
424 [
4 7:10AM - 7:40AM Free 192
440 —] [{Stacy Black and Joe Pink
/,y free and proximate at this
442 —1 & fime
Compass Search Mobile Ba
\. Y,

Fig. 24



U.S. Patent

550

Find _
Joe Brown /
ABC Corp SF Nort %,—
id ) Jilt Jones -

Bay Conference Ro& -

booked / oceupied

Jaim Eisner

560 —

520 —

532 —

534 —

S

i available

)

4&?@; Josh Owens

e
John Sargen/

Apr.6,2021  Sheet 25 of 78 US 10,970,662 B2
™N
L— 510
ca— /

_— 506
— §512

514
515

— 518

— 562

4 N L1
! l L1

‘L’ :

SF North Enclave A 521
b booked / unoccupied <
558
SF North Enclave B
booked / nocupied
» , 552
Sara Armitar
554
Ann Kilnar
§ 1310
] SF North Waterfront Nowl 2 3 4 5 /
s i ; 574

1312 -

Fig. 25



U.S. Patent Apr. 6, 2021 Sheet 26 of 78 US 10,970,662 B2

f ~
580 —~ D
K ) 586

\@eamh people, places, facilities or reso&ﬁ@ Q@,




U.S. Patent Apr. 6, 2021 Sheet 27 of 78 US 10,970,662 B2

—D 500

Find
)/@\/

Joe Brown
ARBC Corp SF Nogit General Area

| 592
|| — 594

Jim Eianer/




U.S. Patent Apr. 6, 2021 Sheet 28 of 78 US 10,970,662 B2

4 ™\

2

<13 a, Profile

800

Jimion Qguche *
Senjior Enginesr

Current Location
SF North Enclave A

E-mail
JimionCguche@ABC.com

Mabile
334-291-3778

Intranet Page
Tube ABC.com/peoplefjimionoguche

Fig. 28



U.S. Patent Apr. 6, 2021 Sheet 29 of 78 US 10,970,662 B2
7 N\
624 ~
D
Flnd // 6286
Jos Brown

Bay Conferance Room

SF North Enclave A
Booked / unoccupied

SF North Enclave B
* booked / occupied

Bart Carani i

ABC Corp SF North Gensy

\

hocked / ceoupiad =
i1 ) Mary Wibert -/

George Pieters

/ 574

Fig. 29



U.S. Patent Apr. 6, 2021 Sheet 30 of 78 US 10,970,662 B2

- D

B544 —
650 —

6406 —
852 —

548 —

Fig. 30



U.S. Patent Apr. 6, 2021 Sheet 31 of 78 US 10,970,662 B2

r N
672
~
S ‘g .
Notification
(Who would you like to set a notification for? ]
674 —~__
4 Jdohn Sargent
Mary White
Bill Bachman
Tony Thompson
Peter Qkefor
80—}
B7E ~—d ] /
\
[ Proximity Alarm ] { Schedule Alarm }

L — 670

Fig. 31



U.S. Patent Apr. 6, 2021 Sheet 32 of 78 US 10,970,662 B2

( N
689 —
T 691
T~ : 693
To: CoreJeam; Mary U a 1]
690 ( Duration )(Favorites { Local )/

4Message: There are cookies in this
area to celebrate George’ s promotion -

we will meet in 15 minutes.

v

| |+ 696

60 ™~ | +— 686

892 —

502 — L— 680




U.S. Patent Apr. 6, 2021 Sheet 33 of 78 US 10,970,662 B2

4 ~N
700 ~
AN
L 734
702 1
|~ 732
_// - -
738 Jim Eisner
738 —®  Director Digital Venturs
1% Floor | Media W rea
L~ 728
716 T~ Notifications / //

17— P

718 \\1» &) There are updates | d like you ®//—"‘ 730
™ {0 review on the whiteboard in

project room 12.

724 — Joe Brown (7:14 AM) 798

Jimion Oguche
720 — ENTERED MEDIA WORK @
AREA {(8:21 AM)
L~ 712
722 —J /

710 — \F ﬁq {1} Pending Notsﬂcatmns

L}/ L7114
=

704 —7 Home Co-Warkers  Statistics Settings

Fig. 33



U.S. Patent Apr. 6, 2021 Sheet 34 of 78 US 10,970,662 B2

( A

Jim Eisner

E}irector Digital Ventures
1% Floor | Media Work Area

Notifications

There are updates 1" d like you — 748
to review on the whiteboard in @

L
project room 12,
Joe Brown (7:14 AM) A 752

722 ~ :
T~ \{3(1) Pending Notification v/(

guche T
when DIVME ONlis ®/

760
L

L~ 753

otifications | 4
{Trac
T 748
.
) 3 L L ==
I
Home Co-Workers  Statistics Settings
\. J

Fig. 34



U.S. Patent Apr. 6, 2021 Sheet 35 of 78
(
G
780~
804 —1 | Co-Workers
:,. FESELLEL L “
782 Favorites, Near Me Search }
784.\ o T o o
™ In My Neighborhood /
y Joe Brown
792 — Available * 2

812 -\\\

790 —~4

393

Jimion Oguche
Available

Mary Wilbert
Busy

D

4@/
@ QO

.

N

Within 50 feet away

George Pieters * @

Available

Home Co-Workers  Statistics Setlings
\.

US 10,970,662 B2

788
"

\ 796

Fig. 35



U.S. Patent Apr. 6, 2021 Sheet 36 of 78 US 10,970,662 B2

{ h

60 ~_ —D

==
» \CQ-W@E’E(@E’S
T~

P G g
[ Favorites /jﬁégyﬁgﬁé// Search }
LY

@
&

S In My Neighborhood

@) Joe Brown */
Available - @

Jimion Oguche * @

Available

Bart Carani @

Busy

Emma Watson @

Busy

( [1(1) Pending Notifications )

(2] () () =

Home Co-Workers  Statistics Settings

Fig. 36



U.S. Patent Apr. 6, 2021 Sheet 37 of 78 US 10,970,662 B2
4 N
D
Co-Workers | 806
/
{ Favorites Near Me jﬁ%ﬁ‘:e%mh’fﬁ;j
830 —~_ s L
™

N

) 9

@ Joe Brown
Available

Q

Bart Carani

Co-Workers S

Stiatistics

Home

ettings

@)

Fig. 37



U.S. Patent Apr. 6, 2021 Sheet 38 of 78 US 10,970,662 B2

870

852 — ses

o // 860

858 —~_ Jimion Oguche /// 862
857~ 2™ FIQ;{F]) foggg ﬁwngrk Are o

: e
R (o] @) (#]

864 — Naotify when... Massages Location Unfavorite
Tt
Phone
231-313-6323 @
866 —J
e
\-.;w Email
- oauche@ABC @

Soqial Social Social
/ Media 1 Media 2 Media 3
~

868 —7

Fig. 38



U.S. Patent Apr. 6, 2021 Sheet 39 of 78 US 10,970,662 B2

- “

Me Jimion

Choose who the notification is for

[ [B(0) Pending Notifications <>~ | | |~ %%
| ye

Jimion Oguche

Notify[VEl when TIVEONis @

Fig. 39



U.S. Patent

Apr. 6, 2021

Sheet 40 of 78

(

880 —

/

o, g,
i
£

Jimion

o
k'

@:’%
A,

Location J/

When Jimion becomes

Available
800
T
Visable Hidden
T~ Submit
\.

\

US 10,970,662 B2




U.S. Patent Apr. 6, 2021 Sheet 41 of 78 US 10,970,662 B2

4 \

O
Notify ...

&

Me Jimion

894
/‘

T s .a*'ff",f// s /
[ Status 7 eLocatzon%g;Vﬂ/
s AR TARS s
. 910
912 ~_| When Jimion //
> Is Nearby e
When a co-worker is within a close proximity @
to me.
B Enters a Neighborhoaod ®
When James is located in a specific area.
916 ~
Leaves current Neighborhood @
When James leaves current area.
8904 —_
..
Submit
\. y,

Fig. 41



U.S. Patent Apr. 6, 2021 Sheet 42 of 78 US 10,970,662 B2

4 N\

Me Jimion

2 -ocation

N i oSS »4;(,\» e
\ [ Status f;’?’f// 7 Locataor}_«;%;g;’j// 7

\ When Jimion
X

Enters Marketing Department

Enters Open Space Enclave

Enters Work Station 1

Enters Work Station 2

Enters Work Station 3

OO0O® O O

™~
Submit

Fig. 42



U.S. Patent Apr. 6, 2021 Sheet 43 of 78 US 10,970,662 B2

4 2

884

8944 — L~ 946

Jimion e
pd
When entering| When leaving }

942 —

943 —_

Send




U.S. Patent Apr. 6, 2021 Sheet 44 of 78 US 10,970,662 B2

4 a
O

0~
(o Settings

960 ; T,
\\\%/’ vacyy Notifications J//

Hide Location -
Stop public broadeasting of my location @

Show Visibility At Work D: P 966

Only display if | am at work or not

968
Show my Floor L
Only display the floor | am currently on @
Show my Room P T 970
Only show the room | am currently in @'
Show Location to Favorites Only @_\
Location only shown to favorite co-workers T~ 972

-

(4 current notifications affected by new setlings b

7

) () BT

Home Co-Workers  Statistics Settings

Fig. 44



U.S. Patent Apr. 6, 2021 Sheet 45 of

984 —|

986 —_

78 US 10,970,662 B2

Fig. 45

-
996
. 4
S| @ Settings //
j/’/f‘i"?i‘ﬁlf‘ .i'.,z.z,z/,',z //-962
. RS
i P 990
Notifications From Favorites M
T 988
\ ............
Notifications From Co-Workers Qe % 994
T 944
N
N 592
[ Y]
1 | ———
I
Home Co-Workers  Statistics Settings
\.



U.S. Patent Apr. 6, 2021 Sheet 46 of 78 US 10,970,662 B2

{ ™
| G
My Statistics
1000 —~__
]
T~
Available Busy
% | 22%
18% 0
yrd
The amount of hours spent with a
status of “visible” and “hidden”.
(1) Pending th;fscaws/ P 1
Home Co-Workers Statsstscs Settmgs
\_ J

Fig. 46



U.S. Patent Apr. 6, 2021 Sheet 47 of 78 US 10,970,662 B2
f N
1030
(c— A
1010 ~
§
e Room Peak
1024 - — | 1029
\\\ Large /
Avaitable for next 75 minutes | 1032

— 1033

Conference Room 2

Available
\.

{00

Afer

1020
/"

1018
ms\\ d
101;\ R
—
\& | |- 1022
1012 o=t S
0 “\\‘ Private Private  Small Meeling Large
Phone  Video  Msating Room Mesting
Booth  Booth Room W/ Video Room
\. ,

Fig. 47



U.S. Patent Apr. 6, 2021 Sheet 48 of 78 US 10,970,662 B2

4 )

T

1040 —
N Room Peak

1042 ~
N @ Large

Available for next 75 minutes
e 5-8  MMLife Size with Screenshare

/- 1044

N internal Meeting - Megan H.

s

OIS A )
i

RIS St
S A,

1047 — exe
i

Internal Meeting ~ Megan H.

internal Meeting - Megan H.

L— 1048
]
]

Hold this room for me

Fig. 48



U.S. Patent Apr. 6, 2021 Sheet 49 of 78 US 10,970,662 B2

4 N

5

Room Peak

1050 —_

— 1051

1042
‘\\ (& lLarge @ 4
Available for next 75 minutes

s 58  WMLife Size with Screenshare

Y
_— 1044
Internal Meeting - Megan H. pd
10 |~ 1047
o—,h{}?SAM } o o -

i -/ /////%f
e

W 0000007
127 T
Internal Meeting ~ Megan M,
1
2
N Y,

Fig. 49



U.S. Patent Apr. 6, 2021 Sheet 50 of 78 US 10,970,662 B2

4 “
1060 —| c—)
N
b Room Peak
" TTineed a
w-|| SPACEtO ]
R i
1066~ meet make a call | ors
N 3 le f meet -
1068 ~ peop € ior video call
oo [1B0IMinutes - Lo
N 1]
NOW;: tomorrow | L4+ "
Wed. July 14
Thu. July 15 |
Find a space now /// 1o
\. _/

Fig. 50



U.S. Patent Apr. 6, 2021 Sheet 51 of 78 US 10,970,662 B2

4 a
O
1070 ~_|
>~ Room Peak
1072
Spaces to(meet)with(3]
geople for|60/minutes [now
Large |
ngnferenca Room 2 ‘
1074 ~J
™ Beqg for a space
J

Fig. 51



U.S. Patent Apr. 6, 2021 Sheet 52 of 78 US 10,970,662 B2

- ~

1090\\ O
S
“~l  3:15

\ Friday, Qctober 4

RoomPeak now

Kelly B. is desperately looking for a room
to make a video call.

Shide to release your booking of video
conference room 12

> Slide to uniock

Fig. 52



U.S. Patent Apr. 6, 2021 Sheet 53 of 78 US 10,970,662 B2

p ~N
1100
TN
A
u
1102 -\\\ Friday, October 4

RoomPeak now
Conference Room 1 is now gvailablel
Slide to hold meeting room

> Sslide to unlock

Fig. 53



U.S. Patent Apr. 6, 2021 Sheet 54 of 78 US 10,970,662 B2

e A
O
1120
\\
Sa
1122 \ -
\\ Friday, October 4

RoomPeak now

You have conference room {1 bocked in &
Minutes.

Slide to confirm your use

> slide to unlock

Fig. 54



U.S. Patent Apr. 6, 2021 Sheet 55 of 78 US 10,970,662 B2

e ™
O
1130
1132 —\ =
\\ Friday, Oclober 4
RoomPeak now
Uh-oh. Your conference room 1
Reservation is beign released because
you haven’ t shown up.
Slide 1o reclaim the room
> Slide to unlock
\. J

Fig. 55



US 10,970,662 B2

Sheet 56 of 78

Apr. 6, 2021

U.S. Patent

Z0E1 ./

el
¥271
1\

96 "bi4

91z~

£ X4

]|

Z 1 MON

e / giat Jommr

MBIA UBJ] 100}

MBIA 157

~

2 3 BlgeieAy

¥ UI00H SUDU L |BULEYD)

\, J

[ al sepnuL) ( 1 ajge Mw)«j
Gl XU J0] B[OBEAY ) . E Ay
Kigsa £ 41004 aUdU4 jauuBYD

(aF sopnund) / (2§ sapnuiL) o 4 SlgEgeny
Gi 1X8U O} BjgElEAY A of sy Joj ejgepeRy , .

| ofiey 4 003 1910 ) % ujoog puotid _%cwcu\
WIOT BTUBIBJUOBOD Wooy ooy H100g
Bunaay abieny 1A w00 Buneadiy Bunsoyliiewg QOPIA TBALG LUOY A BIRALLY
WO ajgdieAs Ue puil oA dioy 2l 187
\ HeBgd PUOGY % i

4 'Y )
ozt 088~/ o8t i Kﬁ%ﬁ / K%ﬁ K/rmoﬁ
— 0ZZ4 0021 m«mwmw
Leeh pL21




US 10,970,662 B2

Sheet 57 of 78

Apr. 6, 2021

U.S. Patent

474 N

I’
{moia uBld 10014 meIA IS

s

LUOGS SjgRpRAR UR pUY NOA disy aw 187
Hedd W0 W ] M

9

7 T
vel ovZL

T~ ozz1

— 02¢1




U.S. Patent Apr. 6, 2021 Sheet 58 of 78 US 10,970,662 B2

. N

Jim Eisner

Director Digital Ventures
1 Floor | Media Work Area

Notifications

@ There are updates " d like you
to review on the whiteboard in @

project room 12,

Joe Brown (7:14 AM)

( [11(1) Pending Notifications <~ )/

— 1400

Jimion Qguche
Notify [ME]when [TMESis @ | | 1404
NEARBYIIN NEXT 12 HOU

@

Now «— | 41— ™%
}In next hour - 1406
I ] Sitln next 12 hours L 1408
In next week | 1402
Home Co-Workers  Slalistics Settings
.. J

Fig. 58



US 10,970,662 B2

Sheet 59 of 78

Apr. 6,2021

U.S. Patent

6S ‘b1

r 226}
{018 ‘BI0BUSSE
e ‘Bugnpayos *6's)
swasAg Aued paU L

gi6t

gugt
6

reoepRiu i o By
1shjeuy voday

[43°1"

BuiBeueyy wigpuodpy-
Bupeiy osusg-
BUILOISSHIRMT D~
aoBUSIY~
stiypoBiy/suoneoyddy-
wswebefuy eworsnn- -~
SBHEUIOUY~ usuebeury
S4TSHOISTIOUON- jusiusbebugy
S/ SHOHBAISSO- K Jqunsng

JOSUBE MM~ X
UoReINBYuOs- wpwabeuey
WG P MNABE

é wmrmfmm fﬁmh@

- 6051

N

-

Zegl 800Gt




U.S. Patent Apr. 6, 2021 Sheet 60 of 78 US 10,970,662 B2

1530
1550
\ )

1554 \ Motion Sensor
{(Accelerometer/
Gyroscope)

FProcessor

.

Y
1656 Capacitive
\ Presence
Sensor

Battery

)
1658 1551 1
\ Temperature > 553

Sensor

N’
/ ™

Light Sensor

| S—
SR

Audio Sensor

N e’
)

Weight | EP
Sensor 1559 \
N

)

Biometric
Sensor

| —

Camera Efc. Sensor

ﬁ'ec:h Lise Sensor

1 -light
>0 \ -audio

-wirgless control signal

-power consumption

~temperaiure

Cet().

/

Fig. 60




US 10,970,662 B2

Sheet 61 of 78

Apr. 6,2021

U.S. Patent

19 "Bi4

FZD) LIOO)H S0UBIBIUOND)

oY QIOOR] 20UBIBIUGD

SBA - PUNOg
UL/ - BI008 30805- ON - UGHOW Z ploysaiL
%G ~ oMU edNo2- ON - PUNOG
o o7 sianeads aunnod siuednonn "aay- O - UGHOW | ploysea )
%2} - PIBDOBHUM Je sjueddnoDo aidninpg- S84 OS{}UosL
%88 — 98N GaA DICA08~ S8A ~ PUNOG
%04 — ash DIBOUBUYUM- £ - JiaquinN
G - SURANND0 PeINPayY0s "eay- SBA - UOHOW  ZgA DIBOGBHUA
§ -~ Sjuednooo "aay- ON - punog
%84 — padnono afeisay- ON ~ UOHOW
suoleAlRsqD jesousy  seasbep 4/ ~dwey 0LXX HByD
o Juednal8o -
sianeeds eLuiuiy SIIBGnNIsY Z- SBA - pUnog
sioMeeds sunNos SIEANIN0 ¢~ SBA ~ UOROW
sioveads Jusung 7 soobap g/ ~des £XX HBUD
PIBOGSIYM J8 SIUBdnono - S - punNog
38N Ul PIBOUDIUM- S84 ~ UCHOW
P - o} UC sWedNO20-  \saoifep 6/ - duws ] XX HBYT
g — SURANON0 PANPBYOLS- s34 - pUNOS
{syuednoa0 g} POICNIS- ON ~ UGHOW \
SUORBAISSHO  souyep gy -~ dway LXOX HBYD
BOISSAg JUBLND elE( Mey
%160 S ]) DY Wooy sousiajuon]
N
pagoqyseq

- $891L

- 5691 N-769L 0881

- 391

/ 0881

— 8891

- 9851
2891




US 10,970,662 B2

Sheet 62 of 78

Apr. 6, 2021

U.S. Patent

B8LE —

0641

29 "bi4

(

st 5oy

)

=

NN N

0L/L
oi/e

8Ll

— 72y W00y mug@&m@@/

Bl 8l 10 %26 paioidius pue su oyl O %22 Allswndo palodius aie suedniog- ~~— g0/l
“BU Y] JO % 1§ pasodiug pur aw % ye peAoidws Ajewundo ssouepioye ABojouyos |-
DU BY) O % LR DRIdn000 puR awil 8yl JO %RE paloidwe Afjewndo aoedg-

-~ 8409¢ Asusioyg wednosso
- aioag asn ABojouysay
~ BI002C TS SJUBPIOUY

— BIOIT HBIBAD

g LYy QICOH &0@@&@%&@@
pue gl .g\n L2 pefoidue zmmc\_mmo sasuepioye Abojcuyos} (¢) N
() oW 8y} 0 %99 paidnoo N
p HEAeuindo e suoneyyiop (2) 844
* 1 “BUil BYY IO %19 padniog
pug Hrewndo swool ssusiue) (1) — SUCIIBAISSD
| 1 @
59 L pusisiuco uosisd Zi spmig (L) — SUSISN|IUOD
b Y gL/E - 8i00% %Uﬁmmum&,m wﬁ&@ﬁ@ﬁ@
oLz - 81098 asp) ABojouyosy
oLiv - 34025 88} 8dUBRIOLY
OL/G ~ BIODG [JRISAL .
L (91-1-6 uBnosyy g1-1-F pouiad) Ajlioed PN_ 5,
ﬁoﬁm@m\




US 10,970,662 B2

Sheet 63 of 78

Apr. 6, 2021

U.S. Patent

€9 "6

sBunssw panpayosun

FITY GIOOM SOUBIBFIGS)

ZY WIOOH SDUBIBIUC

pusye Ajpugnod sesfodiu- - V89l
WBUNS00 21 ~ o08dS SULIBIUGS PPY-
SUOISTHIUOD . S5k - pUNDS
0}/8 - 21008 20edg- ON - uGjOp Z PIOUSSIIT 8691
Joalay ) 4G — IO/ Wednoon- oN - pUROS
oales) %82 siaveads aunnos sjuednodo "aay- ON - Lo | DIOUSBH L
(1elay )relt — PIEDORLYM I8 sjuednono sjduiniy- saA es(y uoel
(30efay ) %88 ~ BSTt gAA JUOIOS- SBA - punog
(yoeley ) Y37 — BN PIBOGSUHUM- 7?0 - IBgUWnN /.
100iloy G - Sednons panpayss aay- S8A - UOHOW  ZOM DIROGBIHUAA 0881
& ~ syuednooo "eay- ON - punog
9.8, ~ pardnoss abeiany- On - UOHON
(uogeaissgo ppy sUOHBAISSQQ jRseusy  sesibep 4y ~dwaf 01X HeUD
1oafdy o uednolo (-
fa sioyrods sy Sednond g- SBA - PUNIOS
sioyreeds aLnc siLrdnooa - a8 A ~ UOHO
sioyeads ULuUN3 ¢ saaibep g7 ~ s} SXY HBUD
(308iey ) DIBOGIUUM 18 SHIBGNN00 - S84 - pUNOS
(156ley ) ST Lif PIBOGBUUM- SaA - UOROW
(308ioy ) f - S U0 SIUednOOD-  \saoubap gy ~dway XX HBYD
(10afay) ~ SUBdnoIo PaINPayos- S@A - pUNOS — 9891
(322f3y ) sjuednoon g) paidnaoQ- ON ~ LIOUOYY \
SUDRBAIBSAO  soovBep g7 ~duisy LYY HBYD)
(uogeasssqo pRY ) UOISSBY JUBLNY —
B0 ow ) DY wiooy sauassguon~ 0ol
N~ 891
L @Q«zmmm@
001 2041 - 7691 - 9691 -zl - 0681



US 10,970,662 B2

Sheet 64 of 78

Apr. 6, 2021

U.S. Patent

9 b1

L0l

sBunesi pepipsyosun pusye Ajpunnos sssioidwg-

uadnooo 7| - 8oBds S0URIBJLOT PPV~

OO e SUOISHIUGD

LY
)

)
.

7273 WO0Y B0UBIBION)

2V W00 BoUBISIUGT

s@ A ~ PUNOG
01/g - siovseeedg: O - HOBOW 7 PIOUSeIY L
96 - ojuL wednosg- T N e - PUNOS
" %@z sioyeeds augnot suednoon "eay- ON - LTI wemen s pousey
.... A\ONPIV D IC S, ol ok . sas ~\
HUgng - ?
HAR

\
\ 4
s
\
\
s
\
|

Y B O} PIROGBLYM DIUCIIV]S PUOSHS B PPE PINOYS 1UOISTIOUOY

‘saeds soudisguon] UD

"piBi) BUIMOL0) UI MBI O} PUSiUL NOA UOISNIDUCD 18]

siejeads jLeung z-
UBOLOIUM 18 SRUBCNODG Z-
B8N Ul DIBOGSHUAA-

¥~ S UG SedndsO~

g - SW=dNol0 panpayLg-~
{sednooo 9) padnaos-
SUORBAISSAD

USISSSG JUSLNY

(uoneatesqo ppy)

caoibap g/
STA

S8A
ssaibap 657
84

ON
soaubsp gy

~dwsy
- pUNog
~ UCHOW
~-dwej
~ PUNONG
~ UOHTA
— CQuwis g

£xX ey

2XX HeYs

XX HBYD
BIE(] MEY

(7180 SUl]) LY WICOY S0UBIBIIOT

pieoqyse()

- <

14

~— 0821

Riza

£



US 10,970,662 B2

Sheet 65 of 78

Apr. 6, 2021

U.S. Patent

G9 "Bi4

- N )
_nwans ]
sHunasts ponNpoyLsUN puane Apunnod sesiojdiug- <o - ouno
Wednooso 7 - ooeds 83udIsucd PRy o> ] vQ om —
mcomwsmo%ou om ) Mc.wowm g Ploysaig
{1/8 ~ 91008 apedg-
%G ~ 10U Wednoog- mwm o5 m mwmw\w b PIOUSBILL
94,87 S UIINQS SUednoos "eay- soA i vcmm.w
Heh - PIeo - JOQUINN
- UCHOW  Z9M DIBOGBHLA
0
G~ 8
f - BLBAND00 BAY-  ggo Bap 27 u
%04 ~ poidnaoo abeisay- 1T 9244
SUOREAISSOD JUSISISIad SOA - punog - Va4
R0/ wednods |- soA ~ UORO
sianeads Euwpi suednaos 2- s, s N
siaveads aunol swednoss ¢- wmm‘&mmwm ) Qccmwk EXX 8D / 0R0L
sioypads JUsLno Z- mmw monom
DIZOGaHUM 12 sjurdnoos - conifio o e
oSN Ul PIBDGOHLUAA- PBL - dusy XX eyl
¥ - el uo spuednoaD- BN ~ punog
R ~ SBUN0Os PANPeYIS- ON ~ HOBORY
(syednooo o) paidnong-  S92409p 82 ~ dwey LXK YD
SUCIIBAIOSGD 2jeq My
UOISSSE auNg {(Z1160 BWIL) 1Y WIOOY BIUMIBIUCD
‘83E0S SIUMIBIUOD B} O DIROUSILM
SHUICH00IS PUOIBS B PPR RINOYS USISNIOUCD MaN 9
~— ol
"USISHHOUOD MU ayl
L Aysnf yeyy eiep uByyubiy of SUGISNOUOD JOYI0 PUL SUSHRAISSYO ‘BlEp Mmel 192198 |
"~ 0TLL
\ ﬁhﬁ@ﬂmxmm@




US 10,970,662 B2

Sheet 66 of 78

Apr. 6,2021

U.S. Patent

99 ‘614

\.

m 96 06 %8 08 &L 0L 59 08 G9 0§ Gy O G 0€ & 02 Gl 0L ¢

"]

k\\\
E 9S{] PICOGSNYA DUCHIBYT
m;A
QE g6 ?

\m 09 &8 0% & O G€ O€ 62 ¢ G OF &
JUBLIE SN PIBOOILIAA ../
Gi=<
‘goeds SOUBIBIINT Bl 0} PIROGIILM
QUCIHIBB PUOLIVS € PPRE PINCYUYS TUCISNIIUCD MON

“‘UOISH3UOD
mau sy} Ajnsni jey} SUCREAIasSHO 81 1o} Senjea psuiquiod Ajoadg

pieoqyse

N

g IA

S~ 089l

~ el

- OELL
=



US 10,970,662 B2

Sheet 67 of 78

Apr. 6, 2021

U.S. Patent

19 ‘b4

M

7

~
Hugn /v»\/ [ sooeds asusiaguod |
E asudsoiue iy

s30uds 0UBIBLUOD
sndwies iy

~
\

saords gouUBIBUGD
Auporg iy

. o

ww< aveds ayy saoeds

BOUBISJUOT Y I/./
., >

'S )

Ao

Ly aveds sousIao |

‘aords 82USISRIOs BY) O} ?wcmmzx%
S1UCLIO8]S PUOIAS B PPE PINOUS TUOISHIDUOD M \

ipeaidde aq UoISNIDUOD M3U PINCYS %m@

~

pieoqyse(

/: 0331

—— Obl}

— Vil
— 2Ll




US 10,970,662 B2

Sheet 68 of 78

Apr. 6, 2021

U.S. Patent

"80BdS BILBIBILOS BU O} PIBOGSHUM
JIIOA0B[B DUCOSS B PP PINOUG-

A Ar A A e R A SN AN AN AVAV AV AV AV AR AR A A AT AT AS RS A YA avAYAVaraean?

sfunesiu paNpsYSsUn pusye Alpuanc sasiodus-
WBANI00 71 — 808BdS 22USIBIND PRY-

(uosnjouoy ppy) SUOISN]IUOY

JRTTTO

F7D W00 BOUBIBIUOYD)
ZY WIO0Y S0USIBIINY)

.
3
«
+

Sald FReivisiels

01L/8 ~ 21008 mo@\
%G ~ noju uedriod | MGG _

%,z s1aNesds aunnos suednosn el -
0421 - PIBOOSHYM 1B mwcmu:@o@\ s
9,89 ~ 85N A JILCA0E

%04 — @8r pIEogEYY

G - ,ﬁcmnnoum pBINDaLY0s "8 \_

‘wigobie abueys ues yefpuy) wipuotie Buidsny

wwiobie usyiBuess o1 susewsiad BuLuNDoo uo
DOSEQ UOIIBAIBSAD BU) ULHUGD JO uljiiobie aars)

~ g ~ sjuednese e

QOE@\Q@/% A0} Qawuwcmwmwwsﬂ

o\o\oc. paxdnone mmﬁméq!

@osmawmac vv,qu AUCHEAISSHE JUSISISID
o Jednoso |~
Ea,xmmmm, fEusUi suednooo g-
ssseads aulhod spuednoono ¢

wn@aub <73 ~ sy
T sEp - pUNoS
S84 -~ UOHOW
sasufiep g7 ~duiag XX HBYD
S84 - DUNOG
ON — LCHOW
I0I0B SIUBPHUSDH saaibsp 92 - dtusy LX) HBUD
BB MEY
ﬁzoxmimmma E@@ SUOHEAIDSH) UOISSag\UaLINg {(Z 180 W) LY IOOY ssusisiuos
goqy mm@

hd ] UVRGYY

soabap /4

8B4 - PN
§84 _.=l0n0

-

/ 0881

N 0GAL

- z6i1



U.S. Patent Apr. 6,2021

it
o

Store Application Programs And
Sensor Map Specification For Eco-
system {Specifying MinSP, Max8P)

Y

1087 \ Take Sensor(s) To
Installation Space
1689 y
\ Read Sensor {D
Tag
1691 ™\ 3

Locate installer’ s Device In Specific
Facility Space

v o~ 1693
1D Sensors On Map Specification

For Specific Facility Space That

Are Not instantiated
i

L 4
Prasent Commissioning interface
On Installer’ s Portable Device
Graphically Indicating Locations
Of Map Sensors Not Instantiated

N~ 1695
1697

Affordance
Sensor
Selected?

/ 1698

indicate

Placement

1713

Sheet 69 of 78

US 10,970,662 B2

FPresent Default
Sensor Setlings;
Receive And Store

Sensor Settings Ve 1883
Commence |/~ 1718
Sensor Testing

indicate Test Fail

indicate Test
Succass

Sensor To
install?

1731 €9

Instruct installer
To Retrieve
Next Sensor

Fig. 69

1735
v [

Perform Troubleshooting
Procass

r 1737

indicate Max3P
Configured

r 1738
indicate MinSP

Configured
]




US 10,970,662 B2

Sheet 70 of 78

Apr. 6,2021

U.S. Patent

£851 8851
sl vESL 2651 [ T gegy . 0BSL 1651 [
r ) 7 7 \ 1 ]
4 \_/ / \ \ | N
\ 1 Z j
[ wwags || wa |
oo | |/ e et
= 4D 9SQ UtaL { [P —— fer
7= 40 neD w @ i i
uzdnasg : !
{OSURS S} 30 . ....n..............u..n" :
UOBIEPE JBYR $ 43k : @ i
ot 7 ! 1L :
4 m P L { ¥
F 0 e " P P
“ LT L S o
M\\m
4
g = Mv\ )
M&U asf yas] | \ ..... S 1
i 4 Rad Pt SaE e A Tn
m L= 40 NQMOU ZSM - BEOYIBYAR
jednopy | WHM PRIBISOSSE 34 O} §1HIOSUSS Su3 18U}
AGi0q grul Ly WooYN S2UDISILOTY B} UC SOUBRIONE 199198 LY WOooY aoudiskuch ul ae noj
L aoepoiy] Buiugis E&W@
\ 7 X 7 X i \ o,
\_ L\ { /! /. //n { \ /s
1081 6641 {BGL
ﬁ@wﬁmmﬁg T85L
£08t a32401 P86




US 10,970,662 B2

Sheet 71 of 78

Apr. 6, 2021

U.S. Patent

WA IE

4 /
7 7 ™
's ™~
payorily
J0sUuag
(AR
HOIESC] PRSI SUI U} HBYD O] JOSUDS LYIBLY
aoBLI9IU] mmmmmwmmméﬁ%
rf 7 7 \ ,\\
\. / / \ \

/.89 N

9151

K 209t




US 10,970,662 B2

Sheet 72 of 78

Apr. 6, 2021

U.S. Patent

9891 1

Z.L b

\. OvoL

\c 1252

\. 9goi

cEDL
/

/

]
/

7~
e
-

H

ugng z yoey w

0y 8% 8¢ T 28 O 82

|24

ve ¢

Peed

1><\i

< 4 S A T 11

g8 8 ¥

C

OF BE 88 & <€ OWN w

( spuoseg oz )
vZ zZZ 02 9L 91 vl ?

[«

feAsaIug
Bunuuasues}

XX ey yse]

7]

~

£141398 losuas wmﬂwﬁ 10 wwc_%w OBUSE YUY
X ooeppiu| Buioissiupuod)
W 3 1./
\. \ 1 — ,
U oo AL f 8291 ,( 9zal 0Est
B 9161 L pgy o 2201



US 10,970,662 B2

Sheet 73 of 78

Apr. 6,2021

U.S. Patent

¢l "bid

4 N\

g ™

| wa || weea |
-uopersdo JCSUSS 359} UED WIBISAS 3} 1YL 0%
jes suoyd AW
Q oey OGNV puels
©

CESINUR FEI7 IN8L IO 3

aoeLIs) mcmmommwmﬁfou
f( hY \ AN i \\

//. // //f. Mr.
9591 rasiHh
301413
\ 915 oo




US 10,970,662 B2

Sheet 74 of 78

Apr. 6, 2021

U.S. Patent

y. b1

"UOIRSISALIOD BUSLd B YJIM JUDISISLOD SUDIIPUCD PasUag — punog

"SEN HEYD YUM JUSISISUOD SUCHIPUCS PIsUDg — LUOBON

2491 [ 028Y
4 ! /
4 i / )
(7 1 N\
m Hxy w Tcwcmm iayjoue zcmmmmﬁﬁouw
X ey yse | [ )
ayeduwioD
BuiLoISSIUIUOD
Iosuag
, J O

‘saiBap | Ag paemoniy ~canieieduws ]

‘Pa30odNs ST asAM SHNSIL 1S9y

\

aneBIU| mgmm@mmmmﬁbc@
)

J

3

i

/ 0881

L
/92 2991




US 10,970,662 B2

Sheet 75 of 78

Apr. 6, 2021

U.S. Patent

6. 'bBid

A4

-

\

7

\.

S1BI30SSE O} HWgng,
[0S ODIARP JOSLISS

Heys )

SIYI YA JOSUSS o

e sainba s Jgeys
ysuy pojebiey ayy )

aoeueu] Buols o)

J

h 800¢

J
" 900z



US 10,970,662 B2

Sheet 76 of 78

Apr. 6,2021

U.S. Patent

9/ "bBi4

. ~
(7 ~

[ wwang || wa |

~ 000\
p M\ = N\
E . vacczgo,& m@%.m. &;mu@

wednang

. TR
(= ) (Corea ) (romamnn) (TR
ﬁ_ﬁmmﬁucs&u AN /w ﬁmu:mmwiv @

R ‘SUO UBY] S0 129198 Avwu nok ‘suopndo m:toxcob 9195 N

/
/

va i

P |

- 8021

NEH ~ PIEGOBUUAK

goeds siyy Ul 103U O NI PINGM
noA jpusm a3esipul 03 18y Bulmolio) suy o suondo 199[0% | "L Y W00 aTUBIRICT U S48 RO

A

/ 1 i
7 !
.\ roomw

OB



US 10,970,662 B2

Sheet 77 of 78

Apr. 6, 2021

U.S. Patent

1. *Bid

- 98l
r pai
4 < L] )
(" ™
| wwans | wxa |
ﬁ 43 880} squ
c:
ﬁ 0 cm%:wuu 2 w ZEM - PIEDGIUM
i ‘YHM DOIBIDOSSE 8 0} 51 JOSUBS Y} 18U} Mojaq deiu Ly wooy|aaudiaguoy
SU U0 S2UBRJONE 109I88 ‘LY W00 SOUSIBIUCD UM SST ABOICUUSY] pue JTUNGS JUBUNRS00
yorsg esAs Byl sary 03 Juesm NoA 18U Poii2eds BABY NOL LY WIOODY SIUSISIUCT U 9J8 NOA
L aaelIaIy] mcmmommm,mﬁﬁyﬁ
\. 1 ) 1 ./
\.. / \ \ \
8281 \\ K 0EgE v/, / 028l PEBL ~ K 4421
9164




US 10,970,662 B2

Sheet 78 of 78

Apr. 6, 2021

U.S. Patent

g/ *bBi4

x
{ )
¢ N

[wwang || wa |
SO HIS) o
s B A
mmm yoa .L §
42 o 0}
uno e
m ‘4 QMWS D Q A — RABOORIIYARL \
3 ) M PRIBISOSSE 3¢ 0} 51 J0SUSS Y] JBulmolag dew Ly ooy aluaisiuon
43 Uo mu:mﬁhamm u umw ‘LY WOOS S3UBISIUCD UM B8 GIoUoo; puk JUNoS JUBdno30
»Pes) wieikAs oy} aavy 41 Juem 1ok 1Byl poyiosds sABy RO TAY WOOY osualajuon ujaue no
mmmt Juj BuugissiLIoD
f 3 A \ , \

\

A 1

8281 \\

/. gest

-

( ov8i

891G

1 S
gy 8l




US 10,970,662 B2

1
METHOD AND SYSTEM FOR LOCATING
RESOURCES AND COMMUNICATING
WITHIN AN ENTERPRISE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 15/789,601, filed on Oct. 20, 2017, which is a
continuation of U.S. patent application Ser. No. 15/179,140,
filed on Oct. 6, 2016, which is a continuation in part of U.S.
patent application Ser. No. 15/170,550, filed on Jun. 1, 2016,
which claims priority to U.S. provisional patent application
Ser. No. 62/328,339, filed on Apr. 27, 2016, and to U.S.
provisional patent application Ser. No. 62/171,401, filed on
Jun. 5, 2015, each of which is incorporated herein in its
entirety by reference.

U.S. patent application Ser. No. 15/170,550, filed on Jun.
1, 2016, is also a continuation in part of U.S. patent
application Ser. No. 14/871,097, filed on Sep. 20, 2015,
which claims priority to U.S. provisional application No.
62/008,283, filed on Oct. 3, 2014, each of which is also
incorporated herein in its entirety by reference.

U.S. patent application Ser. No. 14/730,996 which was
filed on Jun. 4, 2015 and which is titled “Environment
Optimization For Space Based On Presence And Activities”
and U.S. provisional application No. 62/008,283 which was
filed on Jun. 5, 2014 and which also is titled “Environment
Optimization For Space Based On Presence And Activities”,
are each incorporated herein in their entirety by reference.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

Not application applicable.

BACKGROUND OF THE DISCLOSURE

The field of the invention is resource tracking and more
specifically systems and methods for identifying available
resources including, among other things, space, people and
equipment associated with an enterprise and obtaining
access to those resources.

BRIEF SUMMARY OF THE DISCLOSURE

Years ago, most companies were regional or, where they
were national, had one or more offices in each region of the
country to service relatively local clients. Employees lived
near the facilities they worked in and often had dedicated
offices adjacent other employees they routinely worked with
and had access to local resources such as conference spaces,
video communication systems, printers, etc. One advantage
in these cases was that employees became familiar with all
available resources within a facility through routine use.
Each employee knew office layouts, locations of and affor-
dances in conference spaces, and in many cases even knew
general schedules of fellow employees in their facilities
(e.g., that staffing meetings were held every Monday morn-
ing from 8 AM to 9 AM in conference room AAA).

Another advantage was that the employees could quickly
determine availability of resources including conference
spaces and other employees. An employee could see if a
light or a computer was on in another employee’s office and
determine if the other employee was in a facility that day. An
employee could visually determine if a conference space
was available.
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One other advantage was that teams of people that worked
on specific projects were often located in the same facility.
Co-location meant that team members were able to see each
other routinely and to find other team members in between
team conferences to move team tasks along. To this end,
with employees co-located, short impromptu meetings when
two employees had open space in their schedules could
happen naturally. For instance, two employees could bump
into each other in a hallway and have a short conference
regarding a pressing issue. As another instance, one
employee could pop her head into another employee’s office
and, if the other employee was available, could have a short
discussion about some topic or could identify a time when
the short discussion could occur.

Yet another advantage was that employees could sense
availability of other employees based on non-verbal telltale
signs. For instance, if a first employee had her door shut
during morning hours, other employees could sense that the
first employee was busy during that time even though the
first employee’s schedule may have indicated availability.
As another instance, based on personal conversations,
employees in one facility may have known well in advance
when a first employee from that facility was going to be
traveling to a different facility in a different time zone and
therefore that the first employee would likely be out of
pocket during certain periods of the day due to the time
change.

Times have changed and so have the staffing models at
many large companies so that now many employees rou-
tinely travel among many different facilities nationally and
internationally to attend meetings and conferences. Many
employees are routinely located in unfamiliar facilities with-
out knowledge about facility layout and affordances, loca-
tions of other employees within facilities, or any tools for
assessing Real time schedules of enterprise resources (e.g.,
conference or personal spaces, affordances within spaces,
other employees, etc.). For example, an employee visiting a
large Tokyo facility for the first time would be unfamiliar
with locations of conference spaces within the facility as
well as options for space that could be used for personal
focused work as well as affordances (e.g., video capabilities,
printers, etc.) within the spaces. Here, the employee also
generally would not be aware of locations of personal offices
of other employees within the space or of spaces temporarily
(e.g., for a day) used by other specific employees within the
space. Even if the employee had a map of different spaces
within the facility, the employee would have no way to
determine availability of the spaces for personal or group
use or the locations of other employees in the facility located
outside their assigned personal spaces.

Problems associated with lack of insight into resources
and schedules are exacerbated by un-scheduled on the fly
changes to resource schedules that are unknown to employ-
ees. For instance, a conference space may be claimed for an
impromptu 25 minute meeting between two colleagues that
unexpectedly bump into each other in a hall way. In this
case, the conference space as well as each of the conferenc-
ing colleagues are out of pocket during the 25 minute
meeting. As another instance, a conference scheduled for 60
minutes including 7 employees may be completed early after
25 minutes so that the space used for the conference as well
as the 7 employees are freed up earlier than expected. Here,
even if a first employee had access to an electronically
maintained schedule of another employee in a conference,
the unexpected schedule change would not be detected and
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an opportunity to communicate or inability to communicate
as a function of a schedule change would not be perceived
by the first employee.

To support a fluid set of employees within enterprise
facilities, enterprises are routinely seeking to provide space
optimized for specific uses. For instance, where employees
within a facility or a section of a facility routinely engage in
focused individual activities, space should be optimized for
individual activities and in another section of a facility
where employees routinely work in large groups (e.g., 5 or
more employees), the space should be optimized to facilitate
large group activities. Current systems for identifying opti-
mized employee supporting resources are not very good.

Thus, there is a need for tools that enable employees of an
enterprise to identify resources within one or more enter-
prise facilities as well as affordances associated with those
resources and current and future availability of those
resources. There is also a need for employees to be able to
set notifications for themselves or for other employees to
indicate status changes (e.g., a change from available to busy
or vice versa) for specific enterprise resources. There is
further a need for a system that enables tracking of resource
use in a simple and cost effective manner using hardware
that already exists for other purposes, especially in facility
areas where wireless access points or the like are not
provided.

These and other objects, advantages and aspects of the
invention will become apparent from the following descrip-
tion. In the description, reference is made to the accompa-
nying drawings which form a part hereof, and in which there
is shown a preferred embodiment of the invention. Such
embodiment does not necessarily represent the full scope of
the invention and reference is made therefore, to the claims
herein for interpreting the scope of the invention.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 is a schematic view showing a system associated
with an enterprise that is capable of performing at least some
aspects of various embodiments of the present disclosure;

FIG. 2 is a schematic view illustrating a subset of the
system components shown in FIG. 1 and associated with a
sub-portion of the space shown in FIG. 1;

FIG. 3 is a schematic view illustrating a portable elec-
tronic computing device that may be used to facilitate
various aspects of at least some embodiments of the present
disclosure;

FIG. 4 is similar to FIG. 3, albeit showing a graphical map
screen shot view of a facility;

FIG. 5 is a schematic view showing the components of
one of the tracking devices shown in FIG. 2;

FIG. 6 is a schematic view showing a data collector
subassembly that is consistent with at least some aspects of
the present disclosure;

FIG. 7 is a schematic showing internal components of at
least some of the components shown in FIG. 6;

FIG. 8 is a schematic view showing another representa-
tion of a subset of the system components from FIG. 1 to
show communication paths between system devices in a
simplified view;

FIG. 9 is a schematic view illustrating exemplary CAD
models and CAD renderings on portable electronic devices
that are consistent with at least some aspects of the present
disclosure;
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FIG. 10 is a flow chart illustrating a commissioning
procedure for generating virtual views of enterprise space
according to at least some aspects of the present disclosure;

FIG. 11 is a flow chart illustrating a process whereby an
electronic device can be used to render representations of
enterprise space;

FIG. 12 is similar to FIG. 3, albeit illustrating a screen
shot of a graphical map of a specific facility space;

FIG. 13 is similar to FIG. 12, albeit showing a different
screen shot;

FIG. 14 is similar to FIG. 12, albeit showing yet another
screen shot for generating a review of an enterprise space;

FIG. 15 is a schematic showing an image taking aspect
related to a space review process that is consistent with at
least some aspects of the present disclosure;

FIG. 16 is similar to FIG. 12, albeit illustrating another
screen shot for facilitating communication between a device
user and another enterprise employee represented via the
screen shot;

FIG. 17 is similar to FIG. 12, albeit illustrating a screen
shot that enables file sharing with an employee that is
represented on a graphical map on a device display;

FIG. 18 is similar to FIG. 12, albeit illustrating another
screen shot including a dual view to show local and remote
employees at the same time;

FIG. 19 is similar to FIG. 12, albeit illustrating another
screen shot for expediting a resource search function;

FIG. 20 is similar to FIG. 12, albeit illustrating another
screen shot for selecting a facility in which to search for
resources;

FIG. 21 is similar to FIG. 12, albeit illustrating another
screen shot useful for reviewing affordances and a schedule
corresponding to a specific facility space;

FIG. 22 is similar to FIG. 12, albeit illustrating another
screen shot for selecting space characteristics to drive a
space search function;

FIG. 23 is similar to FIG. 12, albeit illustrating a graphical
floor plan view showing a portable device user and a path to
a nearest printer that is consistent with at least some aspects
of the present disclosure;

FIG. 24 is similar to FIG. 12, albeit illustrating a mobile
day representation showing meetings that a device user is to
attend during the course of a day;

FIG. 25 is similar to FIG. 12, albeit showing a screen shot
where resource locations relative to a device user are shown
in list fashion with a distance scale;

FIG. 26 is similar to FIG. 12, albeit showing resource
searching tools that are consistent with at least some aspects
of the present disclosure;

FIG. 27 is similar to FIG. 26, albeit showing dynamic
search results generated as text is entered into a search field;

FIG. 28 is similar to FIG. 27, albeit showing employee
information corresponding to an employee selected from a
list of employees in FIG. 27,

FIG. 29 is similar to FIG. 27, albeit showing a list of
favorite resources relative to the location of a specific device
user;

FIG. 30 is similar to FIG. 12, albeit showing a floor plan
view with favorite employees’ locations relative to a specific
device user;

FIG. 31 is similar to FIG. 12, albeit showing a notification
interface useable to set a resource status notification;

FIG. 32 is a view similar to FIG. 12, albeit showing tools
for indicating a specific point of reference and related
information on a floor plan view of a facility space;
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FIG. 33 is similar to FIG. 12, albeit illustrating a notifi-
cations interface consistent with at least some aspects of the
present disclosure;

FIG. 34 is similar to FIG. 33, albeit illustrating a sub-
window opened up to show pending notifications for a
device user;

FIG. 35 is similar to FIG. 33, albeit showing a favorite
co-worker’s view presented to a device user;

FIG. 36 is similar to FIG. 35, albeit showing a “near me”
view of enterprise employees near a device user;

FIG. 37 is similar to FIG. 36, albeit showing a search view
of co-workers for searching for co-worker proximate a
device user;

FIG. 38 is similar to FIG. 37, albeit showing notifications,
messages and other communication tools corresponding to a
specific employee of an enterprise;

FIG. 39 is similar to FIG. 38, albeit showing an interme-
diate notification specifying interface;

FIG. 40 is similar to FIG. 39, albeit showing an interme-
diate notification specification interface at a later point in the
specification process;

FIG. 41 is similar to FIG. 41, albeit showing a different
notification specifying interface;

FIG. 42 is similar to FIG. 41, albeit showing a different
time in the process of specifying a notification;

FIG. 43 is similar to FIG. 42, albeit showing an interface
for generating a notification for another employee;

FIG. 44 is screen shot similar to the view shown in FIG.
33, albeit where a settings interface for specifying privacy
and notification preferences is shown;

FIG. 45 is similar to FIG. 12, albeit showing another
settings interface that is consistent with at least some aspects
of the present disclosure;

FIG. 46 is similar to FIG. 33, albeit showing a statistics
screen shot that is consistent with at least some aspects of the
present disclosure;

FIG. 47 shows another screen shot including yet a dif-
ferent view of facility space including information repre-
senting that status of each space;

FIG. 48 is similar to FIG. 47, albeit showing information
related to a specific one of the spaces represented in FIG. 47
after selection of that space representation in FIG. 47,

FIG. 49 is an alternate view that may be employed instead
of the view shown in FIG. 48;

FIG. 50 shows a device screen shot presenting a space
query or search in sentence form where different search
parameters can be modified in an extremely intuitive fash-
ion;

FIG. 51 shows the results of a search performed via the
interface of FIG. 50 in yet another screen shot;

FIG. 52 shows a screen shot including a text message that
is consistent with at least some notification aspects of the
present disclosure;

FIG. 53 is similar to the FIG. 52 illustration,
showing a different text message;

FIG. 54 is similar to the FIG. 52 illustration,
showing another text message;

FIG. 55 is similar to the FIG. 52 illustration,
showing yet another text message;

FIG. 56 is a schematic illustrating a device screen shot or
interface representing facility space and indicating and sta-
tus and affordances within each space;

FIG. 57 is similar to FIG. 56, albeit showing similar
information in a graphical floor plan view;

FIG. 58 is a schematic similar to FIG. 34, albeit including
a fourth parameter setting field;
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FIG. 59 is a schematic diagram illustrating a sensing
ecosystem and associated enterprise that is consistent with at
least some aspects of the present disclosure;

FIG. 60 is a schematic diagram of an exemplary multi-
capability sensor device that is consistent with some aspects
of the present disclosure;

FIG. 61 is a dashboard interface that may be provided as
output to a client or customer to report an instantaneous
status of the sensing ecosystem;

FIG. 62 is an image of an exemplary interface that
presents a report to a system user where the report includes
various types of information and, in particular, conclusions
associated with sensed data in an enterprise space;

FIG. 63 is a dashboard interface image similar to the
image shown in FIG. 61, albeit for presentation to a system
analyst that can add additional observations and conclusions
and that can reject existing observations and conclusions;

FIG. 64 is similar to FIG. 63, albeit further including a
field in a pop up window that enables a system analyst to
enter an additional conclusion based on the data reviewed by
the analyst;

FIG. 65 is similar to FIG. 63, albeit enabling an analyst to
select a set of raw data, observations and conclusions that
should be used as support for the new conclusion that was
entered by the analyst using the FIG. 64 interface;

FIG. 66 is an interface where, after the analyst has
indicated data, observations and conclusions that should be
used to support the new conclusion entered using the FIG.
64 interface, the analyst is queried to set attribute thresholds
or values for at least a subset of the supporting information
that should be met for the new conclusion to be made
subsequently;

FIG. 67 is an interface where an analyst can identify how
the new conclusion entered via the FIG. 64 interface should
be applied in the future;

FIG. 68 is an interface like the FIG. 64 interface, albeit
where a pop up window presents justification for an existing
observation which can be modified by an analyst if the
justification can be strengthened in some fashion;

FIG. 69 is a flow chart illustrating a sensor commissioning
process or method that is consistent with at least some
aspects of the present disclosure;

FIG. 70 is a an installer’s interface that shows an installer
a map of a space currently occupied by the installer along
with guidance for where within the occupied space addi-
tional sensor devices may be or should be installed;

FIG. 71 is an installer’s interface that guides an installer
to install a sensor device at an optimal location on an
affordance within a space;

FIG. 72 is an installer’s interface that enables an installer
to set or confirm sensing capabilities and operating param-
eters for a recently installed sensor device;

FIG. 73 is an installer’s interface that instructs an installer
to perform various tasks that are to be sensed to test
operation of a recently installed sensor device;

FIG. 74 is an installer’s interface that confirms successful
completion of a sensor device test and queries if the installer
would like to install another sensor device;

FIG. 75 is an augmented reality installer’s interface that
visually distinguishes sensored affordances, non-sensored
affordances and a target affordance instantaneously associ-
ated with a sensor device;

FIG. 76 is an installer’s interface that slows an installer to
select various sensing and other functions to be supported by
an ecosystem of sensor devices;

FIG. 77 is an installer’s interface that allows an installer
to select affordances for installation of sensor devices; and
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FIG. 78 is an installer’s interface similar to the FIG. 77
interface, albeit showing a set of already installed sensor
devices.

DETAILED DESCRIPTION OF THE
DISCLOSURE

The various aspects of the subject disclosure are now
described with reference to the drawings, wherein like
reference numerals correspond to similar elements through-
out the several views. It should be understood, however, that
the drawings and detailed description hereafter relating
thereto are not intended to limit the claimed subject matter
to the particular form disclosed. Rather, the intention is to
cover all modifications, equivalents, and alternatives falling
within the spirit and scope of the claimed subject matter.

As used herein, the terms “component,” “system” and the
like are intended to refer to a computer-related entity, either
hardware, a combination of hardware and software, soft-
ware, or software in execution. For example, a component
may be, but is not limited to being, a process running on a
processor, a processor, an object, an executable, a thread of
execution, a program, and/or a computer. By way of illus-
tration, both an application running on a computer and the
computer can be a component. One or more components
may reside within a process and/or thread of execution and
a component may be localized on one computer and/or
distributed between two or more computers or processors.

The word “exemplary” is used herein to mean serving as
an example, instance, or illustration. Any aspect or design
described herein as “exemplary” is not necessarily to be
construed as preferred or advantageous over other aspects or
designs.

In the description that follows, various system compo-
nents and features are described in the context of different
embodiments. It should be appreciated that different systems
may have different complexities and therefore that some
systems may only have a subset of the described compo-
nents and may only provide a subset of the described
features. In addition, while one or another feature may be
described in the context of a specific embodiment, any of the
features may be used in any of the embodiments.

Furthermore, the disclosed subject matter may be imple-
mented as a system, method, apparatus, or article of manu-
facture using standard programming and/or engineering
techniques to produce software, firmware, hardware, or any
combination thereof to control a computer or processor
based device to implement aspects detailed herein. The term
“article of manufacture” (or alternatively, “computer pro-
gram product™) as used herein is intended to encompass a
computer program accessible from any computer-readable
device, carrier, or media. For example, computer readable
media can include but are not limited to magnetic storage
devices (e.g., hard disk, floppy disk, magnetic strips . . . ),
optical disks (e.g., compact disk (CD), digital versatile disk
(DVD) . . .), smart cards, and flash memory devices (e.g.,
card, stick). Additionally it should be appreciated that a
carrier wave can be employed to carry computer-readable
electronic data such as those used in transmitting and
receiving electronic mail or in accessing a network such as
the Internet or a local area network (LAN). Of course, those
skilled in the art will recognize many modifications may be
made to this configuration without departing from the scope
or spirit of the claimed subject matter.

Referring now to the drawings wherein like reference
numerals correspond to similar elements throughout the
several views and, more specifically, referring to FIG. 1, the
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present disclosure will be described in the context of an
exemplary enterprise system 10 for managing facility
resources including resources associated with one or more
enterprise spaces 1la, 115, 11c, . . . 11n. Among other
components, the system 10 includes a server 12, a database
14 (e.g., a computer readable medium) and, in at least some
cases, employee computer devices(s) or work station(s) 16.

Herein, an “enterprise” is a business or entity that includes
resources including, among other things, conference tables,
desks, credenzas, stationary or moveable wall structures,
doors, video conferencing subassemblies, projectors, print-
ers, computers, etc. In addition, resources may also include
employees that work for an enterprise and/or employee time.

In still other cases resources may include non-employee
personnel located in or on an enterprise property such as, for
instance, third party contractors, customers, clients, service
providers, etc. Herein, unless indicated otherwise the term
“employee” will be used generally to refer to an actual
employee of an enterprise or some other non-employee
person that is at least temporarily located on an enterprise
property. In at least some embodiments different resource
information may be made available to employees and non-
employees. For instance, while employees may be able to
view locations of all employees and non-employees in an
enterprise facility, non-employees may not and may be
restricted to identify a subset of available personal and
conference spaces reserved for use by visiting non-employ-
ees. In other cases non-employees may have the ability to
access all resource information that is accessible to employ-
ees.

In order to effectively use resources, employees need to
know the resources that they have available for use, loca-
tions of the resources and, in many cases, whether or not
those resources have been prescheduled or are currently
occupied and therefore cannot be used during various time
periods. The present disclosure describes exemplary systems
and processes that may be used to track and report resource
locations and use and to enable enterprise employees to
access resources efficiently.

Referring still to FIG. 1, server 12 includes one or more
computers that cooperate to perform various processes and
methods that are consistent with at least some aspects of the
present invention. While server 12 is shown as a single
component in system 10, it should be appreciated that server
12 may include two or more servers and other computing
and networked devices that cooperate to perform processes
or that divide up tasks and processes to be performed. Server
12 is linked to database 14.

Database 14 includes one or more computer readable
medium and stores programs run by server 12 as well as data
and other information used by server 12 to facilitate pro-
grams and methods and data that is generated through use of
the programs run by server 12. Types of data stored in
database 14 depend on which of several different applica-
tions are performed by server 12. For instance, some appli-
cations may only be useful for identifying locations of
non-human resources (e.g., spaces, video conferencing
equipment, etc.), other applications may only be useful for
identifying locations of enterprise employees or non-em-
ployees, and still other applications may be used to manage
all (e.g., human and non-human) resources. Where non-
human resource locations are to be reported, in some cases
simple descriptions of the resources suitable to distinguish
one from others may suffice. In other cases where views of
resources are to be provided, 20 or 30 CAD or other resource
representations may be stored for generating views of
spaces. Where employee locations are tracked, records for
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each employee may be stored including name, title, an
image, etc. In addition, in some cases employee tracking or
privacy preferences may be stored such as, for instance,
limitations related to which other employees can track an
employee’s location, spaces in which location can and
cannot be tracked, time periods during which locations can
and cannot be tracked, activities during which locations can
and cannot be tracked, etc.

In still other cases, applications may allow employees to
view and modify schedules of all or a subset of enterprise
resources. Here, for each resource that can be scheduled,
either database 14 will store scheduling software and sched-
ule information or server 12 will have access to scheduling
applications maintained by another linked server for obtain-
ing schedule information and manipulating resource sched-
ules.

In still other applications it is contemplated that alarms or
notifications related to various resource activities, statuses,
circumstances, etc., may be rendered by server 12 to enter-
prise employees. For instance, an employee may want to
know when another employee has entered a specific enter-
prise facility. As another instance, an employee may want to
know when a specific conference room becomes available
for use. In these and other cases, database 14 may store
notification specifications for each resource indicating cir-
cumstances to track and other employees to notify. In some
cases all of the above applications may be integrated into a
single system package in which case relatively complex
records for each resource may be stored in database 14.
Other types of data required to support applications
described hereafter are contemplated.

Workstation 16 is linked to server 12 for accessing output
of various of the programs run by server 12 and to allow
input for controlling various aspects of the programs. While
workstation 16 may be stationary, in some embodiments the
work station 16 may be portable and include a laptop, a table
type computing device, a smart phone, etc. Server 12 is also
linked to various other system components as described in
greater detail hereafter.

Referring still to FIG. 1, each space 11a through 117 is
shown as a separate facility. In other embodiments, however,
each space may include a floor of a facility, all of the floors
that comprise a multi floor facility, or a subset of floors or
spaces, or any other space subset associated with an enter-
prise. The exemplary space 11a in FIG. 1 includes common
or open spaces (e.g., 20a), subspaces including conference
spaces (e.g., 205, 20d, 20e) and personal or individual work
spaces (20c¢), etc., that form a map when viewed in top plan
view as in FIG. 1. FIG. 1 indicates real time locations of
various resources in at least some of the subspaces including
enterprise employees 15, conference tables 22, 28 or desks,
task chairs 24a, 24b, etc., credenzas or file cabinets 30,
lounges or sofas 26, doors 32 and other resources including
printers, portable video conferencing equipment, etc. Other
resources may include moveable wall structures and other
portable equipment useable in one or multiple of the sub-
spaces.

Referring still to FIG. 1 and now also to FIG. 2, a portion
of space 11a in FIG. 1 is shown in a larger and more detailed
view in FIG. 2. The enlarged space in FIG. 2 includes
subspaces 20a through 20e where wall structure separates
space 2056 from the other spaces and separates space 20c
from the other spaces but where space 20a opens into space
20e¢ and space 20d also opens into space 20e. Thus, in at least
some cases, spaces recognized as distinct from other spaces
may be portions of larger spaces without any mechanical
dividing wall or other structure.
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Referring again FIG. 1, digital maps of each of the
enterprise spaces 11a through 117 are stored within database
14 for use by server 12 to perform various applications
useful in managing the enterprise. The walls and other
permanent dividing structure in the maps may be identified
using a floor or architectural plan for each of the facility
spaces as known in the art. In at least some cases all or at
least a subset of the maps are dynamic in that they are
routinely updated to reflect changes in the locations of
resources within facility spaces. For instance, if a conference
table and a set of chairs is moved from one facility space to
another, the locations of the table and chairs on a facility
map may be updated to reflect the movements.

In at least some embodiments it is contemplated that
portable personal computing devices like smart phones,
tablet type devices 60 and even laptop computers may be
used as the primary interface tools by system administrators
and enterprise employees generally for accessing many
different types of information related to enterprise resources.
Hereinafter, the phrase “portable computing device” will be
used to refer to portable computing devices generally.

It is contemplated that a “corporate maps™ application
may be stored on a device that is accessible via a corporate
maps icon. To this end, see FIG. 3 that shows a portable
computing device 60 including a display screen 160 that
includes a plurality of application icons including a corpo-
rate maps icon 162, a compass icon 163 and a room peak
icon 165. The icons 162, 163 and 165 correspond to three
separate applications that may be used to manage enterprise
resources. While the applications are shown as distinct, each
has at least some similar capabilities and each, in at least
some aspects, is only different from the others in how
resource information is accessed or presented to a device
user. In other embodiments various aspects of each of the
applications may be provided as part of any of the other two
applications.

Hereinafter, unless indicated otherwise, an employee
using a portable computing device will be referred to as a
device 60 user. When icon 162 is selected by a device 60
user, any of several different initial default screen shots of a
subset of enterprise resources may be presented. For
instance, in at least some embodiments, when icon 162 is
selected, a screen shot 164 as shown in FIG. 4 may be
presented as an initial application screen. Screen shot 164
includes a content field 159 and a toolbar field 180. The tool
bar field 180 includes a set of tool icons that are generally
persistently presented while the application is open for
selecting different application functions associated with the
corporate maps application. The exemplary field 180
includes a “compass” icon 182, a “search” icon 190 and a
“mobile day” icon 192. Other icons for other functionality
are contemplated, some of which are descried hereafter.
Each oficons 182, 190 and 192 and related functionality will
be descried hereafter.

Initially the compass icon 182 is highlighted to indicate
that a compass functionality is an initial default function.
Compass functionality will, it is believed, be the most
routinely used functionality associated with the corporate
maps application and therefore the default is to that func-
tionality. An image of a facility map (e.g., a resource
representation) is presented in field 159 which shows the
location of device 60 at 166 on a graphical top plan view
map of at least a portion of a facility in which the employee
using device 60 is located along with the current locations of
other employees within the facility subspace associated with
the map to help a device 60 user locate other employees and
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spaces. Here, the locations of other persons within the space
corresponding to the map are each indicated via a phantom
circle 168a, 1685, 168¢, etc.

In addition to showing employees within the mapped
space near the device user 166, the view 159 also shows
other resources including tables, chairs, sofas, printers,
video conferencing system, etc. Here, in at least some cases,
the virtual view 159 indicates real time locations of other
(e.g., non-personnel) resources within the facility spaces.
Thus, for instance, if a portable videoconferencing system
has been moved from space 205 into second space 20e (see
again FIG. 2), the real time location of the conferencing
system in space 20e may be graphically represented so that
a device 60 user can access current resource location infor-
mation.

Referring again to FIGS. 1 and 2, to track locations of
enterprise resources, in at least some cases, tracking devices
40 may be provided for each of at least a subset of resources
that are located within each or at least a subset of the facility
subspaces. An exemplary tracking device 40 stores and
transmits a unique device identifier that can be used to
distinguish one device 40 from all others. For instance,
device 40 may transmit a wireless low energy Bluetooth
advertising signal including a device specific identifier. In
some cases, the signal may be periodically transmitted (e.g.,
every 40 seconds). In some cases the period between trans-
mitted signals may be change as a function of sensed
movement of a resource or a resource component. For
instance, if a chair movement (e.g., a change in location) is
currently sensed, the beacon signal may be transmitted every
five seconds until movement is no longer sensed. As another
instance, if the backrest of a chair recliners, the beacon
signal may be transmitted every two seconds until the
recline angle is stabilized, after which the signal may again
be transmitted every 40 seconds.

Referring to FIG. 5, an exemplary tracking device 40 is
shown in schematic view and includes a processor 59, a
clock 70, a power source or battery 72, a data storage device
74, a transceiver 76 and an indicator 78. Clock 70 is linked
to processor 59 and generates a time signal that can be used
to determine when to transmit signals to server 12 as well as
for generating time stamps for various purposes. While
shown as a separate component, clock 70 may be provided
by processor 59 itself. Battery 72 is linked to processor 59
and, in at least some embodiments, may store energy suffi-
cient to drive the device 40 for ten or more years. To this end,
in at least some cases it is contemplated that device 40 will
be a low energy Bluetooth or other type of low energy
wireless transmitting device that will only sporadically
transmit data to data collector devices. Indicator 78 may
indicate when data is being transmitted (e.g., a heartbeat
signal) or may indicate when the battery 72 needs to be
replaced or recharged. In some cases devices 40 will be so
inexpensive that after the battery discharges, the device can
be thrown out and replaced.

Referring again to FIGS. 1 and 2 and also to FIG. 8, in
some cases wireless access points 38 that are built into a
facility structure and that link to server 12 for providing
wireless communication with computing and other devices
may be used to track locations of at least some of the devices
40 and hence the locations of resources associated with each
device. To this end, where access points 38 are located
relatively proximate tracking devices 40, when devices 40
transmit their identification signals, one or more access
points may receive the transmitted signals and use the
strengths of those signals to identify general or precise
locations of the devices 40. For instance, where several
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access points receive a signal from one device 40, the
strengths of the received signals may be used to triangulate
the location of the device 40 within a space using algorithms
known in the wireless tracking art generally.

In many cases there are spaces within facilities that are
poorly served by access points or that are positioned such
that signals received at access points are unable to be used
to identify device 40 location accurately enough for at least
some useful applications contemplated in the present dis-
closure. For instance, metal and other structures that form
facility walls or other affordances may interfere with device
40 signals so that any signal received by an access point
from a device 40 would be highly inaccurate.

Where access points are unable to receive particularly
accurate signals from devices 40 but where resource loca-
tions are desirable, some other system must be used to detect
resource locations. Two other data collecting systems are
contemplated in this disclosure. A first system includes
semi-stationary Ethernet linked data collector subassemblies
and a second system includes portable computing devices 60
programmed to collect and report information from devices
40 to server 12.

Regarding the first system, FIGS. 6 and 7 illustrate a
semi-stationary collector subassembly 49 including a base
assembly 52 (hereinafter “base”) and first and second sat-
ellite assemblies 50a and 505 (hereinafter “satellites”). The
base 52 includes a processor 51, an antenna 53 and an
Ethernet jack 55. The antenna 53 is linked to processor 51
and tuned to receive information transmitted by satellites
50a and 506. Jack 55 is linked to processor 51 and plugs into
a standard wall mounted Ethernet receptacle 54 to link with
server 12. Thus, data received by base 52 via antenna 53 can
be provided to server 12.

Referring to FIG. 7, an exemplary satellite 50q includes a
processor 80, a clock 82, a battery 84, a data storage device
86, an indicator 90 and a transceiver 88. Each of the clock
80, battery 82, device 86, transceiver 88 and indicator 90 are
linked to processor 80.

Prior to use, satellites 50a, 505, etc., are positioned or
mounted within a facility space at locations selected to
optimally obtain information transmitted by devices 40
within the space via transceivers 88. To this end, in many
spaces Ethernet receptacles 54, while present, are often
located at relatively low positions (e.g., at the locations of
traditional power receptacles) within a space and therefore
are often not well positioned for obtaining information
transmitted via low energy signals from devices 40 as
furniture, wall structures, or the like within a space often
blocks a direct transmission path. Satellites 50a and 5056 may
be mounted at relatively optimal locations within a space for
collecting data from devices 40. For instance, first satellite
50a may be mounted to a wall at a relatively high location
within a space to have a substantially direct transmission
path from many of the devices 40 located within a space and
to also have a substantially direct transmission path to a base
unit 52 connected at an Ethernet receptacle at a low location.
Second satellite 505 may be similarly mounted, albeit at a
different position within the space so that different trans-
mission paths from devices 40 are covered within the space.
To better enable communications with the base 52, the
satellites 50a, 505, etc., will, in at least some embodiments,
transmit signals using higher power than tracking devices 40
so that even if furniture or the like is located within the path
between a satellite and a base 52, the signal should be strong
enough to be received by the base 52.

To mount a satellite 50a, in at least some embodiments
each satellite will include a mounting sub-configuration. For
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instance, in FIG. 6 the mounting components include a
downwardly opening channel 89 formed in a rear surface of
a satellite housing structure, a mounting bracket 91 and an
adhesive mounting pad 93. The bracket 91 includes front
and rear surfaces and a member 95 that extends from the
front surface that includes a reduced diameter neck portion
and an enlarged distal end head portion. The channel 89
forms a circumferential rim for receiving the enlarged head
portion of member 95 via a sliding action. Adhesive pad 95
adheres to the rear surface of bracket 91 and also to a
supporting ambient wall or other surface (not shown). Thus,
bracket 91 adheres at least semi-permanently to a mounting
location within a space and satellite 50a mounts via recep-
tion of head member 95 within channel 89 in a releasable
fashion. Although not shown some mechanical fastener may
also be provided to lock satellite 50a to bracket 91 unless
affirmative steps are taken to release the satellite 50a from
the bracket 91.

Referring again to FIG. 4, while battery 84 may be
replaceable, in some cases battery 84 may be rechargeable
and may need to be recharged periodically (e.g., every
month, every quarter, etc.). To this end, device 50a may also
include charging contacts 87 (see also FIGS. 6 and 7) and
base 52 may also include charging contacts 67. Here,
satellite 50a may be periodically removed from bracket 91
and placed on the top surface of base 52 so that contacts 67
and 87 connect for charging purposes. A magnet may be
provided in the top surface of base 52 and a metal or
magnetic plate may be provided in the undersurface of
satellite 50a that help to automatically align satellite con-
tacts 87 with the base contacts 67. Other mechanical align-
ment features are contemplated.

In at least some cases it is contemplated that one or the
other of the base 52 and a satellite 50a may generate some
signal to indicate when a rechargeable battery 84 needs to be
recharged. In this regard, for instance, see again FIG. 7
where indicator 90 may include an LED that processor 80
may illuminate when battery 84 needs to be recharged.
Again, to recharge battery 84, satellite 50a may be slid off
bracket 91 and placed on base 52 with contacts 67 and 87 in
communication. As another instance, base 51 may include a
speaker 47 and may, when the signal from a satellite 50a
becomes relatively weak or is no longer received, be pro-
grammed to generate a sound (e.g., a periodic chirp) to
indicate a need for recharging.

Although not shown, in at least some embodiments the
subassembly 49 may include a third or more satellites like
50a and one of the satellites may always be mounted to the
base 52 for charging. The satellite mounted to the base 52
may receive transmissions from devices 40 for use by the
system while charging. Here, if a remote satellite needs to be
charged, the satellite mounted to the base can be swapped
with the satellite that needs charging so that all satellites can
remain functional at all times. In addition to providing
consistent space coverage, having a system where all satel-
lites remain functional all the time means the sensing
algorithms for a subassembly 49 can be set once and be
generally valid thereafter.

In some cases the subassembly 49 may cooperate to help
an installer place the satellites 50a and 504 in locations
where signals therefrom are receivable by the base 52. To
this end, for instance, during an installation process, with
base 52 connected to an Ethernet receptacle for power and
with a satellite 50q fully charged, device 50a may transmit
a periodic heartbeat signal to base 52. Satellite 50a can be
mounted in a desired location within a space. Here, if
satellite 50a is mounted in a location at which sufficiently
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strong signals from the satellite 50a cannot reach the base
52, the base will miss heartbeat signals from satellite 50a
and can generate a chirp (or the satellite 50a can generate a
chirp) sound to indicate that the mounting location is not
suitable. If the chirp sound is generated, the installer can
change the mounting position of the satellite until the
chirping sound ceases. Thus, an installer can apply personal
knowledge about a facility space to optimally position
satellites for receiving device 40 signals while being guided
by the base to select only locations that will work well given
the mounting location of the base 52.

In cases where collector subassemblies 49 are employed,
locations of the satellites 50a, 505, etc., within a facility
need to be added to the maps stored in database 16 either
manually or in some automatic fashion. Manual indication
may be facilitated by accessing a facility map via worksta-
tion 16 and indicating the locations of satellites 50a, 505,
etc., on the map and entering satellite unique identifiers for
each indicated location. An automatic determination of
satellite locations is described hereafter.

Once locations of satellites 50a, 505 are known, in at least
some cases, triangulation methods may be used to determine
locations of tracking devices 40 within a space. In other
cases signal strength from devices 40 may be so low that
only satellites 50 within a space associated with one of the
devices 40 will be able to receive a signal there from. Here,
locations of devices 40 will be identifiable at least a room or
separate space level.

While the system described with respect to FIGS. 6 and
7 uses Ethernet to link to a system server, other embodi-
ments are contemplated where Wi-Fi or cellular connection
is used instead of Ethernet. In other cases it is contemplated
that at least some bases 52 may be linked to other bases in
adjacent spaced via a Bluetooth or other type of mesh
network so that information collected thereby can be wire-
lessly transmitted from one base to the next until delivered
to the system server. Here, it may be that a last base
operating as a mesh network gateway is linked via Ethernet
to the server.

Regarding the second system type that includes portable
computing devices 60 programmed to collect and report
information from devices 40, it has been recognized that
many enterprise employees use devices 60 for work and
even for personal communication that have the capability to
collect, retransmit and even analyze information obtained or
generated by devices 40. To this end, many people now
routinely use electronic devices like smart phones, tablet
type devices and even laptops that are essentially always on
and that include transceivers that can obtain information
transmitted by devices 40 when in the general vicinity of
those devices 40.

In at least some embodiments it is contemplated that
portable computing devices 60 may be used to automatically
obtain information from devices 40 when in an area asso-
ciated with the devices 40. For instance, when device 60 is
proximate device 40qa in space 2056 in FIG. 2, device 60 may
collect data packets transmitted from device 40a within
space 205. Upon receiving a data packet from device 40aq,
device 60 may run some application that uses or consumes
that information. For instance, where device 60 is used by a
facilities manager, device 60 may run an application that
enables the manager to determine resource locations within
a space. Many other applications run on device 60 based on
information from devices 40 are contemplated.

In at least some other cases, when information is obtained
by device 60 from devices 40, the obtained information may
be wirelessly passed on to server 12 either immediately if
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device 60 is capable of broadcasting to an access point 38 or
at some subsequent time when device 60 is within a receiv-
ing range of one of the access points or a satellite 50a, 505,
etc. Where information is transmitted to an access point or
satellite subsequent to collection, device 60 may store the
information received from devices 40 until subsequent trans-
mission occurs. Thus, movement of resources associated
with devices 40 that are remotely located from wireless
access points can be detected, stored and used to drive
applications run by server 12. This type of sporadic data
collection from devices 40 is particularly useful in applica-
tions that do not require a complete or immediate history of
resource use or states.

In cases where collector subassemblies 49 are employed,
locations of satellites 50a, 505 may be automatically deter-
mined in several ways. For instance, where a base 52
associated with a satellite 504 is linked to a specific Ethernet
receptacle and the location of the receptacle is known to be
within a specific facility space, it may be assumed that the
satellite 50a associated with the base is in the same facility
space (e.g., the same conference room). In other cases,
where locations of Fthernet receptacles 54 are known and
signals generated by a satellite 50a are received by more
than one Ethernet linked base 52, signal strengths of the
signals received by several bases 52 may be used to deter-
mine the location of the satellite 50a via triangulation or
some type of statistical analysis of the signals received and
the locations of the receptacles 54.

In still other cases where employees use portable elec-
tronic devices 60 within a facility, devices 60 may be
programmed to collect information from satellites 50a, 505,
etc., within their vicinity and to perform a location deter-
mining program to identify locations of the satellites. Here,
each device 60 would have to be able to determine its own
location based on communication with access points or other
signal generators (e.g., base 52 that can transmit signals
from known locations of receptacles 54) or with other
satellites 50a that have known locations. Then, each device
60 may run a program to assess the locations of other
satellites based on signal strengths of signals received from
the satellites and its own location.

The location determining process may be repeated each
time a device 60 is near a satellite 504 and satellite location
may routinely be rendered more precise over time. For
instance, where a device 60 is initially within a space
including a satellite 50a but is not near the satellite (e.g., is
on the other side of a conference room), the system may only
be able to accurately determine that the satellite 50qa is
located within one half of the space but no more. A next time
a device 60 is in the space, the device may be located
relatively closer to the satellite and the signals from the
satellite 50a may be relatively strong. Here, the stronger
signal may be useable to more precisely identify the location
of the satellite. The strengths of multiple sequential signals
received by one or more devices 60 may be used to trian-
gulate and further refine the location of a satellite 50a. Here,
for instance, where eight devices 60 are located within a
space and their positions are known, signal strength of
signals from a satellite 50a received by the eight devices 60
may be used in a triangulation process. In a similar fashion
where a single device 60 is moved within a space to eight
different locations over time, signal strengths associated
with the eight different locations may be used to triangulate
the location of the satellite.

Referring to FIG. 8, in at least some cases electronic
identification badges 61 may be provided instead of or in
addition to portable computing devices to operate as data
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collection devices or as Bluetooth beacons, or both. Here, a
badge would operate in the same or in a similar fashion to
the computing devices described above.

Referring to FIG. 8, an exemplary system for managing
resources may include any one or more of the three different
ways to collect information from tracking devices 40 asso-
ciated with enterprise resources including access points 38,
supplemental collector subassemblies 49 and portable com-
puting devices 60 and 61. In some cases each of the three
information collection systems may be used together. For
instance, where access points 38 and assemblies 49 can
collect information from devices 40, that information may
be routinely collected. Periodically when a portable com-
puting device 60 is located within a space, the device 60 may
collect resource information from devices 40 that is more
accurate than the information collected using the access
points 38 and collector assemblies 49 and that information
may be used to supplement or replace some of the informa-
tion obtained using the collector subassemblies and access
points.

In many cases a set of enterprise employees will not use
portable computing devices 60 or may not have their por-
table devices turned on at some times. In these cases, other
devices may be required to track employee locations. For
instance, referring again to FIG. 2, each employee may be
issued an exemplary electronic identification badge 61 that
stores a unique employee identification number in a badge
memory and that includes a transmitter 63 that transmits the
identifier to data collector devices located within the enter-
prise facilities. Here, as in the case of devices 40, each badge
61 may transmit lower power signals so that a battery charge
can last several years. Location of the badge 61 can be
determined via proximity of the badge 61 to data collecting
devices and knowledge about the locations of the collecting
devices. For instance, signals transmitted by device 63 may
be received by satellites 50a, 505 and used to determine
location of an associated badge 61 and employee.

In at least some embodiments of the present disclosure it
is also contemplated that each or at least a subset of tracking
devices 40 may be programmed to sense other information
that may be useful for driving different system applications.
For instance, in cases where at least some employees do not
use trackable devices (e.g., portable electronic devices or
trackable badges) or where an enterprise does not include
systems for tracking employee locations, it may still be
useful to know if and when spaces within a facility are
utilized. For example, a facility manager may want to know
how often and for how long specific spaces are utilized, how
many employees utilize the spaces, etc. As another example,
an employee searching for an unoccupied space for use may
want to access a list of available and unoccupied conference
spaces.

According to at least one aspect of some embodiments of
the present disclosure, each device 40 may also include one
or more sensors that can be used to sense state for status
changes associated with resources or the environments in
which those resources are deployed. For instance, referring
again to FIG. 5, in addition to the components described
above, each device 40 may also include any one or more of
a motion sensor 62, a temperature sensor 64, a sound sensor
66, an Nth sensor 68 (e.g., a CO2 sensor), etc. Motion sensor
62 may be any type of motion sensing device including one
or more accelerometers, tilt sensors, inclinometers, gyro-
scopes, or other devices capable of sensing movement of a
resource through or within space. For instance, an acceler-
ometer may be mounted to the undersurface of a chair seat
and may be able to detect movement within a space or
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changes in relative juxtaposition of a resource to other
affordances within a space. An accelerometer may also sense
any slight movement of a desk or a table such as, for
example, when a person touches a top surface of the desk or
table during use, opening of a file cabinet drawer, closing of
a door in an egress, etc. As another instance, a device 40
including a tilt sensor may be placed in the backrest portion
of'a chair assembly and may measure tilt of the backrest with
respect to a seat member.

Temperature sensor 64 may measure temperature within a
space (e.g., 205) or may be positioned to detect temperature
change on the surface of a chair seat or backrest member.
When a person enters a space the temperature of the space
will often change as the person’s body heat dissipates within
the space. When a person sits on a chair and contacts a chair
surface, the temperature of the surface typically changes and
can be sensed by a temperature sensor mounted to the chair.

Sound sensor 66 may include a microphone for detecting
sound within a space proximate the device 40. The sound
sensor may be tunes to the pitch and tone range of typical
human voices so as to be able to distinguish human voices
from other sounds.

Other sensor types are contemplated and sensor N may
include, for instance, a carbon dioxide sensor to detect the
level of carbon dioxide within a space, one or more pressure
sensors, position sensors, etc. Here, when people enter a
space, the amount of carbon dioxide typically increases and
therefore a change in carbon dioxide level within a space
may, in at least some cases, be used to sense use of a space
by one or more people. A pressure sensor may be used to
sense when a person sits within a specific seat. Each sensor
is linked to processor 59 and provides information to pro-
cessor 59 related to the sensed parameter.

Processor 59 is programmed to either report the sensed
parameter values to server 12 or, in some cases, to analyze
the sensed parameter values and report some result associ-
ated with the analyzed values. For instance, in some cases
processor 59 may simply recognize when a chair (e.g., a
resource) moves via a motion sensor and may report the
period since the most recently detected motion to server 12.
In this case, server 12 would be programmed to use the
received data to determine if a space associated with the
resource is occupied. For instance, one simple rule may be
that if a chair moved in the last 20 seconds within a
conference room, that the conference room is presumed to
be occupied. In this case, if any of ten chairs within a
conference space moved in the last 20 seconds, occupancy
may be presumed. Where duration since last movement is
provided to server 12, a single received signal may be used
to identify occupancy without requiring any historical data
about previous locations of resources, previous movements,
etc.

Another rule may be that at least one chair must move
within a space and at least one sound that is consistent with
the range of a human voice needs to be detected and reported
to server 12 within some threshold period for the server 12
to determine that the related space is occupied. Many other
more complex rules are contemplated.

In another case processor 59 may maintain several sepa-
rate rolling state change event time buckets or counters
where state changes that occur in a specific time period
associated with a bucket are counted. For instance, in one
case a processor 59 may maintain short, intermediate and
long term counts corresponding to one minute, one hour, and
six hour periods. When a state change occurs, the device
processor may add a count to each of the counts to maintain
rolling one minute, one hour and six hour counts. The three
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counts may be transmitted periodically to server 12. Where
the counts reflect substantially the same rate of state changes
over all periods tracked, server 12 may be programmed to
determine that the sensed state changes are associated with
ambient noise in an associated space. However, where the
counts reflect an increase in state rate changes in the short
and/or intermediate duration buckets, server 12 may be
programmed to determine that the sensed state change(s) is
associated with true movement or some other parameter
associated with occupancy of a space.

In still other cases server 12 may be programmed to use
sensed state changes from multiple sensor devices 40 within
a space to discern whether or not some condition (e.g.,
occupancy) occurs within a space. For instance, where
substantially similar movements are sensed by each of ten
sensor devices 40 on ten chairs within a space, server 12 may
be programmed to determine that the similar movements are
attributable to noise as opposed to individual movements of
chairs and therefore to determine that an associated space is
unoccupied. Many other occupancy determining protocols
are contemplated. In addition, many other protocols for
detecting other activities or conditions (e.g., other than
occupancy) using data from sensor devices 40 are contem-
plated.

In at least some embodiments each device 40 cobbles
together device identifying information as well as state
conditions into data packets that are transmitted to server 12
via data collectors. Thus, for instance, a low energy Blu-
etooth data packet including device identifying information
and state conditions may be transmitted periodically by each
device 40. In other cases data packets may only be trans-
mitted when a change in a sensed state is detected by a
device 40. For instance, in a case where occupancy is
assumed when a chair is moved within a space, device 40
may only transmit a packet once movement is detected so
that satellite battery power can be conserved.

To generate dynamic virtual views of resources within
facility spaces as those resources are moved within the
spaces, in at least some embodiments, server 12 may have
access to 2D and 3D CAD renderings of each resource used
within facility spaces. For instance, in at least some cases, a
3D view of a space may be generated for use by an enterprise
employee that wants to obtain a general understanding of
resources within and the layout of a space prior to use.
Referring to FIG. 9, to generate dynamic virtual views of
facility spaces, graphical 3D and 2D CAD models 130 and
132, respectively, of each resource available within a facility
are stored in database 14 (see again FIG. 1) that can be used
by server 12. In at least some embodiments, each 3D CAD
model 130 includes data that enables an exemplary resource
to be shown from any vantage point. For instance, a model
corresponding to a specific chair type may be used to present
an instance of the chair type from a front perspective view,
from a side perspective view, from a rear perspective view,
etc.

In some cases detail within a virtual space view will be
relatively granular in the sense that resources within a space
may be represented generally without showing exact real life
orientations and juxtapositions of the resources within the
space. For instance, where a conference table and ten chairs
of a specific type are located within a space to be shown in
a view, the chairs may simply be virtually represented in an
equispaced and aligned pattern about a conference table
without showing actual locations of the chairs, orientations
of the chairs, etc. Thus, a chair that is spaced from a
conference table by eight feet in reality may be shown
adjacent the table edge. These general virtual images may be
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required where only general resource location information
(e.g., which space a chair is located in) can be obtained due
to sensing and processing limitations.

In other cases it is contemplated that resource state
information that is sensed and collected may be much more
detailed including not just which space a resource is located
in but also precise location within a space, precise orienta-
tion (e.g., facing the edge of a table, facing a wall, etc.).
Where more detailed information is available, that informa-
tion may be used by server 12 to generate a more accurate
virtual view of a space by, for instance, showing precise
locations of resources within a space as well as relative
juxtapositions of resources. To this end, see the exemplary
image 134 in FIG. 9 where some chairs are shown oriented
away from the edge of a table representation to reflect actual
real life orientations. An exemplary 2D virtual image is
shown at 136 where chairs are shown in actual orientations
to reflect the arrangement shown in the 3D view 134.

Referring to FIG. 10, a process 100 that may be performed
by server 12 to commission a resource management system
and generate virtual views (e.g., 30 or 20) of spaces is
illustrated. At block 102, a database of entity facilities,
resources and employees registered with a system is created
and stored in database 14 (see again FIG. 1). Here, each
resource would include a resource identifier number as well
as some description of the resource itself which may include,
for instance, the 30 or 20 models as shown in FIG. 9. In this
case, resources include space affordances such as tables,
desks, chairs, videoconferencing systems, printers, etc., as
well as enterprise employees. At block 104, data collectors
including access points and/or collector assemblies 49 are
places about the facility space and their locations are iden-
tified and stored in database 14. Here, again, the locations
may be manually identified and stored or an automated
process using one or more personal portable computing
devices 60 may be employed.

At block 106 tracking devices 40 are associated with each
resource to be tracked within an enterprise facility. Here,
association includes both physical association (e.g., attach-
ment to a chair) and virtual by correlation of a resource
identity to a unique resource identifier in database 14.

At block 108, resource characteristics are sensed by
devices 40. Here, it is assumed that the virtual views to be
generated will include precise location and orientation of
resources. Because the application is simply for generating
virtual space views, the data required to drive the application
is only presence, location and orientation information indi-
cating specific locations of resources in spaces as well as
orientations (e.g., no occupancy data or data that can be used
to determine occupancy state) is required in this applica-
tion). At block 110, devices 40 transmits data packets
including resource ID, location and orientation data. At
block 112 one or more data collectors 38, 49, 60 in the
vicinity of a transmitting device 40 receives the transmitted
data packets and provides the received packets to server 12.

At block 114, the received packets are analyzed by server
12 to identify each resource (e.g., via the device 40 identi-
fier), resource location and orientation. At block 116, server
12 accesses the 20 and 30 resource renderings 132 and 130,
respectively, in database 14 and at block 118, server 12 uses
the renderings to generate 20 and 30 views. At block 120 the
views are stored for subsequent use.

Although not illustrated in detail, other data for support-
ing other applications may be generating using a process
similar to that shown in FIG. 10. For instance, where
statistical and historical space occupancy data is required by
a facility administrator or the like, that information can be
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generated by sensing resource movement, C02 levels, tem-
perature, etc., at block 108 which is transmitted to the server
at block 110 and which would then be used to assess
occupancy of different facility spaces. The occupancy infor-
mation would be used to generate an occupancy view of a
facility at block 118. Similarly, current space occupancy or
use views may be generated and stored at blocks 118 and
120. Virtual views, occupancy views and other view types
may be generated routinely and regularly or they may be
generated only when a specific view is requested by a system
user.

Other circumstances in addition to occupancy maybe
detected using information sensed via devices 40. For
instance, the number of employees using a space may be
determined by sensing movement of a subset of chairs
within the space. For example, where five out of twelve
chairs move routinely during a one hour meeting in a
conference room, server 12 may be programmed to deter-
mine that five employees attended the meeting. Discerning
other circumstances based on sensed data is contemplated.

Referring to FIG. 11, a process 140 for obtaining infor-
mation related to a facility space is shown. Here it is
assumed that an enterprise employee uses a portable smart
device 60 to request space information and that the infor-
mation is to be presented to the employee via a display
screen 160 on the portable device. In this regard an infor-
mation request may be a direct request or may be automati-
cally generated by a user’s portable computer device 60. For
instance, a user may request information related to a specific
facility space to generate a direct request. In other cases the
same user may move through a facility space and device 60
may change the requested information based on the current
location of the employee within the space (e.g., if the
employee is displaying information related to proximate
space and the employee’s location changes, the information
displayed to the employee may change to track the current
location).

At block 142, a portable computing device 60 is used to
generate a request that is received by server 12. At block
144, server 12 identifies the request criteria including, for
instance, location (e.g., selected by an employee or auto-
matically determined as a function of location of a device
60) of the space for which the request has been generated,
query content (e.g., 30 view, 20 view, current occupancy,
etc.) etc. At block 146, server 12 uses the request criteria to
identify information to present and generates a view that is
most consistent with the request criteria. The generated view
is transmitted at 148 to the requesting computing device 60
and at block 150, the requesting device 60 displays the
generated view on the device display.

Referring again to FIG. 4, the exemplary screen shot
includes a dynamic virtual map view 159 of space proximate
a device 60 user that shows the general layout of the space
including divider walls as well as the current locations of
facility resources including the employee using device 60 at
166, desks, chairs, tables, doors and other non-human
resources useable by the device user and locations 168a
through 168c¢, etc., of other enterprise employees within the
represented space (each other employee is indicated by a
phantom circle in the illustrated example). The device user
166 may observe view 159 to determine locations of proxi-
mate resources including space, employees and affordances
and thus, the overhead view operates like a compass to
orient the device user.

Again, where access points 38 (see again FIG. 2) are
proximate the location of one of the portable computing
devices 60 or one of the detectable employee badges 61,
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triangulation of signals therefrom may be used to determine
the location of the device 60 or badge 61. In spaces where
hard wired access points do not exist as in space 205, one or
more collector assemblies 49 (see again FIGS. 6 and 7) may
be installed and used to determine the locations of devices
60 and badges 61 therein. In still other cases sensor devices
may be installed in doorways, hallways or other locations
intermediate conference or personal spaces to determine
employee locations as employees move through those tran-
sition spaces from one space to another. Known locations
prior to movement through the intermediate spaces (e.g., a
doorway) that transition between other spaces can be used to
determine in which space an employee is located. For
instance, in FIG. 2, if it is know that a device 60 user was
initially in space 20a based on access point information prior
to moving through the doorway 35 separating space 20a
from space 204, it can be determined that the device 60 and
an employee using the device is located in space 205 after
movement through doorway 35.

Other system signals may be useable to determine device
60 and/or badge 61 locations. For instance, where it is know
that a tracking device 40 is in space 205 in FIG. 2 and device
60 obtains a signal from the tracking device 40 and passes
that signal on to a single access point 38 outside space 205,
while the single signal from device 60 would be insufficient
for triangulating a location, the fact that device 60 obtained
a low power signal from the tracking device 40 may be
enough to determine that the device 60 is located in the same
space as the tracking device 40.

Thus, the access points 38, collector subassemblies 49,
portable devices 60 and tracking devices 40 together may
form a web for collecting signals useable by server 12 to
determine locations and other characteristics of enterprise
resources using one or a plurality of different algorithms.

In at least some embodiments it is contemplated that each
or at least a subset of the resource representations in view
159 may be selectable to obtain additional information about
that resource. For instance, as seen in FIG. 4, a representa-
tion 168¢ of one employee in the view 159 may be selected
(e.g., via touch) causing an image 170 of the employee as
well as a name field 172 to be presented in a manner that
associates the image and name field 172 with the employee
representation and location in the presented view.

As another example, the device 60 user may select one of
the spaces presented in view 159 to obtain additional infor-
mation about the space and resources or affordances located
therein. For instance, where space 205 in FIG. 4 is selected
via touch or the like, the image of space 205 may be enlarged
as in FIG. 12 and presented as a screen shot 200 showing a
larger version of the 20 representation (e.g., another resource
representation) of space 2056. In FIG. 12 additional detail
including the names of employees currently located in the
space 205 is added to the image to help the device 60 user
better understand current use of space 205. Thus, for
instance, the name “Jill Jones™ has been spatially associated
with employee representation icon 202 to indicate identity of
the represented employee.

When employees use a resource, often times the
employee develops an impression of the resource that she
would like to share with others such as, for instance, a
facility administrator, other employees, etc. For instance, an
employee may have determined that a specific space with
specific affordances was particularly attractive or useful and
may want to issue a review of the space including an
image(s) and comments. To this end, referring to FIG. 13, it
is contemplated that in some cases when an open portion
(e.g., 220) of a space view is selected, an option to review
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the space may be presented as at 222 including a “Review”
icon 224 and a camera icon 226. Here, selection of the
review icon 224 would open up a comment field in which a
system user could enter a comment related to the selected
space.

An exemplary review screen shot 235 is shown in FIG. 14
which includes a review field 230 including questions and a
pre-canned set of answers that can be selected to provide
useful information. For instance, an employee may be able
to indicate resources that are available within a space by
selecting different options in field 230 if the system does not
already include that information. Some of the questions
require judgment such as, for instance, if the lighting in the
space is adequate, an overall rating value, etc. A field 238 is
also provided so that a personalized comment can be issued.
A camera icon 234 is provided for adding an image to the
review. Once a review is completed, a submit icon 240 may
be selected to add the review information to database 14 for
subsequent access by the employee that generated the
review as well as by others. A back icon 236 is also provided
for returning to a previous view if the employee does not
want to issue a review.

Referring again to FIG. 13, selection of camera icon 226
opens up a camera application as in FIG. 15 so that an
employee can view an image 252 of a space 250 and snap
a picture via virtual button 254 to obtain an image of the
space to be added to a subset of data associated with the
space in database 14. Space images may be subsequently
access in at least some embodiments by other employees to
obtain a sense of a space prior to reversing the space for
subsequent use, prior to arriving at the space for a confer-
ence, etc.

In at least some embodiments a device 60 user may be
able to select an employee’s name from a name field
associated with an employee representation on a space map
view in order to establish communication with that
employee. For instance, see FIG. 16 where a user has
selected the “Jill Jones™ field or icon 206 to open up a
communication type selection field 290 including a set of
icons associated with different ways of communicating with
the selected employee. Here, for instance, the icon set
includes a “mail” icon 292, a “phone” icon 294, a “video”
icon 296, and first, second and third social media icons 298,
300 and 302 that are associated with an e-mail application,
a phone application, a video application and other types of
media applications, respectively. Selection of any of the
icons in field 290 causes device 60 to start an associated
communication process with the selected employee.

Referring again to FIG. 16, in at least some cases field 290
will also include a file share icon 303 that is selectable to
share one or more files with an employee shown on a map
view. In this regard, once icon 303 is selected, referring also
to FIG. 17, a file sharing window 310 may be presented in
relation to the identified employee’s icon 206 to enable the
device 60 user to select one or more files from a list 312 to
be shared with the selected employee at 206. Once files to
share have been selected, a “Share” icon 314 may be
selectee to complete the sharing process. In response to
selection of icon 314, server 12 obtains the selected files,
places the selected files in an e-mail or other electronic
communication (e.g., a text message) and sends the selected
files to the target recipient.

In at least some embodiments when an employee icon like
icon 206 is selected, at least some information about the
employee’s current status (e.g., an employee status indica-
tor) may be presented in addition to the communication
selection field 290. For instance, referring again to FIGS. 13
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and 16, when icon 206 is selected, the icon 206 may be
changed as indicated to show that Jill is “Busy” as at 207.
Here, Jill’s status may be determined by accessing Jill’s
schedule maintained by electronic scheduling software used
by Jill and other enterprise employees. In the alternative,
Jill’s status may be determined in real time by sensing Jill’s
current activities and discerning whether or not Jill is likely
available by applying a rule set maintained in database 14.
For instance, where server 12 can determine that Jill is in a
conference space with four other employees and that the
employees are having a discussion, the server 12 may be
programmed to determine that Jill is in a meeting and not
available.

In still other cases a combination of appointments entered
into an electronic scheduling program and real time sensing
of employee activities may be used to determine if an
employee is available or busy or has some other status. For
instance, where Jill has a scheduled meeting in 45 minutes
(e.g., a meeting on an electronic schedule) and is travelling
toward a conference room that is 30 minutes away (sensed
real time conditions), server 12 may be programmed to
detect that Jill is busy and should not be disturbed. Many
other rules for automatically determining current employee
status are contemplated. Other statuses and related indica-
tors are also contemplated such as “Sleep”, ‘Vacation”, etc.

Referring yet again to FIG. 16, where an employee (e.g.,
Jill represented at 206) is occupied/busy, in at least some
cases certain applications for communicating with that
employee may be disabled or at least indicated as less
desirable options because it would disturb the employee if
used. For example, see that the phone and video icons 294
and 296 are shaded with double-cross hatching to indicate
that they are either disabled or less desirable ways to
communicate with Jill who is indicated as busy at 207. By
visually distinguishing communication options 294 and 296
from other options, device 60 steers the device 60 user
toward more optimal options to communicate given the
status of an associated employee.

Other initial or default corporate map screens are con-
templated. For example, in many cases an employee may
routinely work or socialize with a subset of enterprise
employees on a team and the employee may desire to receive
information related to each team member when the corpo-
rate maps application is first accessed. Hereinafter, the list of
employees on a team will be referred to generally as a
“favorites list” and the employees on the list will be referred
to as “favorites”.

Referring to FIG. 18, an exemplary initial “dual map”
screen shot 320 showing information about employees (e.g.,
another resource representation) on a favorites list is illus-
trated. The view is referred to as a “dual map” view because
the view includes one representation overlying another. In
this regard, it has been recognized that oftentimes employ-
ees on a favorites list will be located at many different
locations so that all favorites cannot be presented in a single
facility map view. For instance, in the exemplary view in
FIG. 18, six employees are on the favorites list of the
employee using device 60 including Jill, Tom, Josh, Mary,
Jen and Ralph. Of the six favorites, only Josh and Mary are
at locations within the same facility as the device 60 user
while the others are at other locations. For instance, Jill is in
Paris, Tom is in Shanghai, Jen is in Los Angeles and Ralph
is in Grand Rapids. Because Josh and Mary are in the same
facility as the device 60 user, each of Josh and Mary can be
represented in the facility map view (see phantom circles at
321 and 327) along with the device 60 user at 166. Because
the other favorites are not in the same facility, they cannot
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be represented in the facility map view. Instead, the remote
favorites are presented in a shaded frame “remote” view
space 360 that overlies the facility map view.

Locations of remote employees are determined by sys-
tems in occupied facilities as described above and are
provided to server 12. In some cases employee locations
outside enterprise facilities may also be tracked using GPS
or some other type of system and those locations may be
used by server 12 to drive one or more applications along
with facility location information for other employees.

Even inside a facility space, in some cases, a GPS system
may be able to provide somewhat accurate position infor-
mation for a portable user computing device. In this case,
information from an external GPS system may be combined
with signals from a transmitting device within a facility to
more accurately determine location of the transmitting
device. Many different algorithms for combining GPS and
facility sensed information from stationary sensors as well
as portable computing devices that obtain information from
transmitting devices are contemplated.

In still other cases other systems that can indicate loca-
tions of persons outside facilities with sensing devices may
be used to determine employee and other locations. For
instance, where an employee is scheduled to be on a flight
from Europe to the United States, a plane tracking system
that identifies the location of the flight over the Ocean may
be used to determine the location of the employee on the
flight.

As shown, in at least some embodiments the remote view
will be at least somewhat transparent so that the device 60
user can see therethrough to perceive underlying aspects of
the graphical local facility map view. For instance, space
defining walls, chairs, tables, etc., as well as phantom circles
showing other employees may be observable under the
remote view frame. Where remote favorites are represented
in the remote view space 360, they may be located at
locations where minimal or relatively unimportant informa-
tion is represented in the underlying facility map view. For
instance, remote favorites representations may, where pos-
sible, be placed in space 360 at locations where they do not
overlap phantom circle representations of other employees.
Remote employee representations may be presented at loca-
tions in space 360 that show employee locations relative to
the graphical map view presented. Thus, in FIG. 18 where
North is up, if Shanghai is to the West of the map view and
Grand Rapids is to the East, Shanghai and Grand Rapids
representations would be shown in the left and right portions
of the border space 360 as illustrated.

In at least some cases the portion of the facility map view
represented in FIG. 18 may be modified to include a space
just large enough to show locations of favorites within a
local facility in which the device 60 user resides. For
instance, in FIG. 18, if Josh and Mary were both located in
the same space (e.g., 333) as employee 166, the facility map
view may automatically be zoomed in to include only space
333. In some cases the portion of the map view shown with
boundary 360 which is not shaded may be zoomed in or out
as a function of location of favorites so that any local
favorites are within the space defined by boundary 360.

In the FIG. 18 example, each favorite’s name and current
status are indicated. For instance, see the name fields at 330,
322, 325 and 340. Josh is indicated as “Free” at 324 while
Mary is indicated as “Busy” at 323. Here, again, the status
designations may be determined in any of several ways
including accessing scheduling software, by using real time
sensed information about employees and their surrounding
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environments or a combination of both scheduled activities
and sensed real time information.

For remote employees identified in the frame 360, in
addition to name and status indications, location and time
indicators are presented to help the device 60 user have some
context in which to consider the favorite’s current status. For
instance, for Jill, the location and time indicators at 334 and
336 indicate that she is in Paris and that the local time is 5
PM while for Ralph the indicators at 344 and 346 indicate
that he is in Grand Rapids and that the current time is 1 PM.
Although not shown, other information about employees
may be presented such as, for instance, additional informa-
tion about their environments. For example, the current
weather in Paris may be indicated and spatially associated
with Jill or Jill’s general availability or lack thereof during
the next eight hours may be indicated (e.g., “Available next
from 10 AM to 11 AM your time”).

Referring yet again to FIG. 18, in some cases the favorites
representation may be color coded or otherwise visually
distinguished in some fashion to indicate current status. For
instance, because Jill is busy, the square 330 representation
of Jill may be shaded red. Similarly, the square 325 asso-
ciated with Mary may be shaded red to indicate a busy status
while Josh’s square 322 may be shaded green. Other colors
for other statuses are contemplated such as, for instance, a
yellow shading to indicate that an employee is scheduled to
be free in the next 15 minutes. Color coding is particularly
advantageous as it can be used to quickly sort out statuses of
favorites or other resources as described hereafter.

Thus, the FIG. 18 dual map view is a simple way for an
employee to ascertain the immediate status of and other
information related to all other employee’s on the employ-
ee’s favorites list. In at least some cases it is contemplated
that an employee will be able to customize the types of
information presented for each favorite or for all favorites
and may be able to add and delete other employees to and
from the favorites list.

In at least some embodiments the corporate maps appli-
cation will enable an employee to search for any enterprise
resources including space, affordances and other employees
to determine locations and current status (e.g., available,
busy, etc.). To this end, see again FIG. 4 that includes search
icon 190. When icon 190 is selected, in at least some
embodiments a screen shot as in FIG. 19 may be presented
that queries the employee to indicate the type of resource
sought. The exemplary screen shot includes a proximate
facility field 271, a person icon 179 and a facility selection
icon 273. The facility selection icon 273 can be selected to
access a list of other (e.g., remote) enterprise facilities in
which the employee would like to search for a resource. For
instance, when icon 273 is selected, the screen shot in FIG.
20 may be presented that shows enterprise facilities graphi-
cally along with locations of the facilities for selection by the
user. The exemplary graphical representations in FIG. 20
include representations 350, 352, 354 and 356, each of
which is selectable to indicate a facility for which a search
should be focused. Once a facility is selected, a screen shot
akin to the one shown in FIG. 19 may again be presented,
albeit where the proximate facility field 271 is replaced by
a similar field for the selected remote facility.

Referring again to FIG. 19, the proximate facility field
271 indicates the facility that the device 60 user currently
resides in and, in the present example, indicates the Palo
Alto facility. The facility in which the device 60 user
currently resides may be automatically determined and set as
a default if device 60 is currently located in an enterprise
facility. Where a device 60 user is not currently in an
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enterprise facility, device 60 and/or server 12 may access a
device 60 user’s schedule and determine the next enterprise
facility that the device 60 user will be visiting and may set
that facility as the searching default. For instance, if device
60 user is at a hotel (determined via GPS or the like) near the
Palo Alto facility and is scheduled to be at that facility all
day, the Palo Alto facility may be set as the default in field
271.

Within field 271, a set of most commonly searched for
resources may be presented to help a conferee quickly select
search criteria. For instance, the FIG. 19 view includes a
“conference space” icon 275, a “personal space” icon 277,
a “printer” icon 279, and a “projector” icon 283, that are
selectable to search for different space types and printers and
projectors, respectively. An “other” icon 285 is also pro-
vided to enable the device user to specify some other
resource or affordance that the user would like to locate.

Referring still to FIG. 19 and also to FIG. 21, when
conference space icon 275 is selected, server 12 generates
screen shot 371 including a map view of the Palo Alto
facility showing all conference spaces and, in at least some
cases, may visually distinguish the spaces as a function of
their current status. For instance, available conference
spaces may be shaded (e.g., see spaces 370, 372 and 374)
differently than spaces that are currently occupied and in use
(see space 376 that is double-cross hatched). Spaces that will
become available in the next 15 minutes may be distin-
guished in some other visual fashion (see spaces 383 and
385) and spaces that will be occupied within the next 30
minutes may be visually distinguished in yet another fash-
ion. For instance, available spaces 370, 372, 374 may be
shaded green, occupied spaces 376 may be shaded red,
shortly available spaces 383, 385 may be shaded yellow and
shortly occupied spaces may be shaded blue.

Where a space (e.g., a conference room) on the view is
selected (e.g., via touch at 350 in FIG. 21), a space infor-
mation window 380 may be opened that is spatially asso-
ciated with the selected space and that presents information
related to the selected space. The exemplary space informa-
tion window 380 in FIG. 21 associated with space 387
includes an image 382 of the space, a list of affordances 384
associated with the space and a tool 386/388 for selecting a
time on a schedule associated with the space during which
the space can be reserved. Image 382 may be a virtual image
generated by server 12 using sensed affordances within the
selected space as described above or may be an image
generated by an employee during a review process as
described above. Similarly, the list of affordances 384 may
be automatically updated as resources are moved into and
out of the selected space to reflect real time affordances
within the space or may be based on a review by a prior
space user. Thus, for example, where additional chairs with
tracking devices are moved into the space, the capacity
number may be increased to reflect the additional chairs in
the space in a real time and automatic fashion.

The reservation tool includes a time line 386 and a sliding
icon 388 for selecting a time to reserve. Although not shown,
already reserved time may be indicated on the time line 386
and would not be selectable by the device user. Once a time
to reserve has been selected on time line 386, the device 60
user can select icon 390 to provide the reservation request to
scheduling software via server 12.

Referring again to FIG. 19, in other embodiments when
the conference space icon 275 is selected, other search tools
for identifying a specific space may be provided. For
instance, referring also to FIG. 22, a screen shot 391 for
selecting a conference space may enable an employee to
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specify a set of parameters or characteristics of a space
sought. The exemplary screen shot 391 includes fields 390
for entering specific space parameters including a capacity
selecting field and boxes that may be selected to identify
affordances needed in the space sought. Exemplary select-
able affordances include a whiteboard, sharing electronic
displays, a printer, a projector, teleconferencing equipment,
etc. The screen shot also includes time selection tools 392
and 394 and, in at least some cases, will include a tool 396
for selecting people that will use the space along with the
employee. The invitee selection tool 396 may automatically
populate with teams that the specifying employee is on as
well as other employee names for selection. After param-
eters for the search have been specified, the employee selects
search icon 398 to submit the request to server 12 and to
generate notices to other employees regarding the scheduled
activity.

Referring again to FIG. 19, when the personal space icon
277 is selected, space specifying tools akin to those
described above with respect to the conference space icon
275 may be presented via other screen shots.

In FIG. 19, when printer icon 281 is selected, server 12
may identify the current location of the device 60 user and
the current location of a nearest printer that the user can use
and present information related thereto. To this end, see FIG.
23 where a screen shot 400 shows the location of a device
60 user at 166 and the location of a printer at 402 as well as
a most direct path 404 to the printer location and a printer
name label 406. Here, the employee using device 400 may
follow the path 404 in the representation to the printer at 402
and then use the printer. In the alternative, the device user
may select the printer name icon 402 to obtain on screen
tools for selecting a document or other materials to print and
for controlling the printer identified in the name label.
Although not shown, the device 60 user may be able to select
a view that shows the user in real time which turns to take
along a path to the printer or some other resource.

Referring yet again to FIG. 19, the person icon 279 is
separate from the facility icons 271 and 273 because many
employees move from facility to facility and therefore
searching for a specific person in a specific facility often
times does not make sense.

Tools for searching for specific people are described
hereafter.

The ability to show real time locations of resources on a
map as well as to access electronic schedules of enterprise
resources enables various other advantageous tools to be
implemented. For instance, see FI1G. 24 that shows a graphi-
cal day schedule for a device 60 user based at least in part
on the user’s schedule (e.g., schedules and unscheduled time
slots) and that may be presented to the user when mobile day
icon 192 is selected. In particular, the view shows a facility
map and indicates a sequence of scheduled activities (e.g.,
meetings, personal reserved time, etc.) at specific locations
within the facility at 424, 426, 428, 430 and 432 that are
sequentially labeled “17, 2", “3”, “4” and “5”, respectively,
to indicate the sequence in which and location at which the
activities are scheduled to occur. In addition, lines or other
graphical connectors are provided in phantom between
sequential activities to provide an intuitive graphical under-
standing of the user’s day. In addition to the activity indi-
cators, other scheduling information may be presented either
immediately upon accessing the mobile day view or when
the device 60 user selects some feature on the presented
image. For instance, when the fourth activity icon 430 is
selected, information about a meeting associated with the
icon 430 may be presented in a pop up window 436. As
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another instance, when a line (e.g., the line between icons
424 and 426) between scheduled activity icons is selected,
when free time exists between scheduled activities, a pop up
window 440 may be presented that indicates the duration
and period of free time which is visually associated with a
line between scheduled activities by, for instance, a graphi-
cal pointer as at 438.

In other cases pop up activity and free time windows akin
to windows 436 and 440 may be presented for each of the
activity icons and lines between those icons or some subset
thereof. For example, where the duration of a free time
between sequential activities is less than thirty minutes the
free time may not be indicated but if the free time between
activities is 30 minutes or greater, the free time may be
automatically indicated via a pop up window when the
mobile day view is initially accessed.

In still other cases, server 12 may be programmed to
indicate other information when free or available time exists
within an employee’s schedule. For instance, when a first
employee has 30 minutes of time free between other activi-
ties, server 12 may be programmed to identify other employ-
ees that are also free and that are scheduled to be in the same
general area as the first employee during the free period and
may indicate that information to the first employee and, in
some cases, to the other employees as well. Locations and
availability of other employees may be gleaned from elec-
tronic schedules for those employees and/or via actual real
time location information and sensed activity information
(e.g., sensing if an employee is currently in an impromptu
and unscheduled meeting with another employee). To this
end, see the indicator 442 associated with the free time label
440 that indicates that two other employees are scheduled to
be free and proximate during the specified free period).
Which employee schedules are contemplated for notices like
the 442 notice would be customizable for each employee so,
for instance, an employee may only want notices related to
other favorite employees or specifically selected employees
as opposed to any enterprise employee.

Thus, in at least some embodiments it is contemplated that
server 12 may be able to consider employee schedules as
well as schedule locations and employee preferences (e.g.,
an employee’s favorites list) when identifying opportunities
for meetings to suggest to a specific employee. Where a first
employee has indicated a desire to know when a second
employee is going to be proximate and available or when
two other employees are going to be proximate the first
employee and available, server 12 may generate an indica-
tion via the mobile day view. In some embodiments a
notification indicating a possible face-to-face meeting may
also include a suggest space (see 442 in FIG. 24) for the
possible meeting. In this regard, in addition to analyzing
employee schedules, server 12 may be programmed to
examine schedules for space within the vicinity of the
location that will be common for each employee associated
with the notification to identify one or more available
spaces. In FIG. 24, selection of icon 442 may enable a device
60 user to reserve the space indicated (e.g., at the end of the
pointer 438) and may transmit e-mail or text initiations to
other employees in the notification automatically. Space and
device 60 user schedules may indicate tentative busy status
until at least one of the other initiated employees accepts the
invite at which time schedules would be updated as busy.
Other notifications of such opportunities may also be trans-
mitted via e-mail, text, etc., to an employee.

Referring again to FIG. 19, when person search icon 279
is selected, device 60 may present simple search tools for
locating enterprise employees such as, for instance, a field in
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which a person’s name can be typed. Once located, the
location and other information associated with the employee
like current status, city, weather, next available time on the
employee’s schedule, etc., may be presented to the device 60
user.

While the graphical map based interfaces described above
are useful and will be advantageous for some applications,
it has been recognized that much simpler and for at least
some people, more intuitive interfaces can be provided for
locating and scheduling resources. For instance, in many
cases simple text based interfaces may be optimal for certain
applications. For this reason, in at least some cases other
tools for locating enterprise resources are contemplated. For
instance, another general type of corporate maps interface
may indicate approximate distances between an employee
using a device 60 and enterprise resources. To this end see
FIG. 25 that shows a different general type of interface
screen shot or resource representation at 500 that includes an
information field 501 and a navigation tool field 502. Navi-
gation icons including a “compass” icon 570, a “search”
icon 572 and a “favorites” icon 574 are provided in tool field
502. Compass icon 570 is a default icon in this case. Here,
the compass symbol for the screen shot in FIG. 25 is meant
to indicate that a device 60 user is given a bearing regarding
relative positions of resources (e.g., spaces, other employ-
ees, etc.) relative to the device 60 user’s current location.

The exemplary information field 501 includes informa-
tion that is developed based on the current location of device
60 and the employee that uses the device 60. The informa-
tion in field 501 includes an image 504 of the employee
using device 60 as well as the user’s name and a text
description of the user’s current location at 506 which is
presented at the top of field 501. In addition, field 501
includes a distance scale at 508 that extends downward from
image 504 and that includes distance labels along the scale
to indicate distance from the user presented in image 504.
Thus, for instance, the exemplary scale 508 indicates 10 m,
30 m, 50 m, etc., to indicate 10, 30 and 50 meters from the
location of the device 60 user. Here, the distances may be
direct (e.g., as the flies) or may be most direct path distances
through facility spaces.

Referring still to FIG. 25, field 501 further includes a list
of enterprise resources in a resource column along the right
side of scale 508 where resources are aligned with the scale
at locations that are consistent with the actual distances of
the resources from the location of the device 60 user. Thus,
for instance, the resource column 510 includes the name “Jill
Jones” and an associate image corresponding to Jill Jones at
512 near a 5 meter location on the scale 508 to indicate that
Jill Jones is proximately 5 meters (e.g., may be in the next
office) from the device 60 user. Other names and associated
images are also provided in column 510 near other distance
locations on the scale 508 to indicate the distance between
the device 60 user and other enterprise employees. In
addition to including employee designations, the resource
column 510 also indicates other resources like conference
spaces by name where each conference space name is
provided at a location along the scale 506 that corresponds
to the actual distance between the device 60 user and the
conference space. For instance, a “Bay Conference Room”
indicator is presented at 514 at approximately the 10 meter
scale location to indicate that the Bay conference room is
approximately 10 meters from the current location of the
device 60 user, a “SF North Enclave A” indicator is pre-
sented at 520 at approximately the 30 meter scale location to
indicate that the SF North Enclave A is 30 meters from the
current location of the device 60 user, and so on.
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A status indicator is provided just below each of the
conference room indicators to indicate a current status of the
conference room. For example, see indicator 515 below the
Bay conference room indicator 514 that indicates that the
current status of the Bay room is “booked/occupied” and the
indicator 521 associated with the SF North Enclave A
indicator 520 indicating that that conference room is also
“booked/unoccupied”.

A vertical occupancy bar 530, 532, 534 is provided for
each conference room indicator that extends between the
distance scale 508 and the resource column 510 to indicate
which employees are currently located within each confer-
ence room. For instance, bar 530 extends from the Bay
conference room indicator 514 downward to a location just
below an image 550 of employee “Mary Wilbert” to indicate
that all of the employees listed in the resource column 510
between indicator 514 and image 550 as well as Mary
Wilbert are currently located within the Bay conference
room (se 516). Employees listed at 518 below the bar 530
are not in the Bay conference room but are approximately 10
meters from the device 60 user’s location. As another
instance, bar 534 indicates that Sara Armiter 552 and Ann
Kilner 554 are located in the SF North Enclave B conference
room indicated at 556.

In the illustrated embodiment, the occupancy bars are
color coded or otherwise visually distinguished to indicate
different statuses of the conference rooms. For instance, in
the illustrated example in FIG. 25 a double-cross hatched bar
(e.g., 530, 534) indicates that an associated conference room
is currently booked and occupied, a single hatched bar (e.g.,
bar 532) indicates a booked but currently unoccupied space,
and an un-hatched bar indicates that the associated room is
un-booked and available for use. Again, shading may cor-
respond to different colors (e.g., red for booked and occu-
pied, green for available, etc.). More than three types of
highlighting or visually distinguishing characteristics for
indicating other room statuses are contemplated such as, for
instance, a unique highlighting color to indicate that a room
will be occupied shortly (e.g., within the next 30 minutes),
an indication that an occupied room will be unoccupied
shortly, an indication that a room that is not scheduled is
currently occupied, etc.

In addition to the information described above, “favor-
ites” indicators are provided for resources in the resource
column 510 that are on a favorites list for a device 60 user.
For instance, in FIG. 25, a star 560 is provided adjacent the
names Mary Wilbert and a similar star 562 is provided
adjacent the “SF North Enclave A” indicator to indicate that
Mary and the Enclave A are favorite resources of Joe Brown,
the device 60 user. Thus, the device 60 user can locate
proximate favorite resources quickly by identifying starts
and associated resources via the screen shot 500.

Referring still to FIG. 25, it should be appreciated that the
distance scale 508 shown is compressed in at least some
cases so that the distance indicators may not reflect actual
dimensions on the scale. For instance, if the closest enter-
prise resource is 50 meters from device 60, a 50 meter
indicator may be located at the location of the 10 m indicator
in FIG. 25. If five resources are located at the 50 meter
distance from device 60, those five resources would be listed
and then if the sixth closest resource is 100 meters from
device 60, a 100 m designator may be presented with the
sixth resource indicated in column 510, and so on, so that as
much information is possible is presented on the screen of
device 60 without any blanks in column 510.

The exemplary view in FIG. 25 presents resources in a list
arranged by distance, indicates employees that are in con-
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ference together, indicates conference room availability or
status and indicates favorite resources of a device 60 user. As
device 60 is moved about within a facility or as resources
(e.g., other employees) move about within the facility, the
information in screen shot 500 is updated substantially in
real time to reflect new spatial positions of resources with
respect to device 60 as well as availability of conference
rooms.

Although not shown, in at least some embodiments it is
contemplated that every resource in column 510 may be
presented as a hyperlink to additional information related to
the resource. For instance, the Enclave A indicator 520 may
be selected to open a pop up window akin to window 380 in
FIG. 21 including information about the Enclave A room and
a schedule and scheduling tools for reserving time within the
Enclave A room. As another instance, selection of one of the
employee indicators (e.g., 512, 534, etc.) may open up an
employee communication window like window 290 shown
in FIG. 16.

Referring again to FIG. 25, when the search icon 572 is
selected, in at least some embodiments a simple search
screen shot 580 like the exemplary one shown in FIG. 26
may be presented that includes a search field 582 and a
virtual keyboard 584 for entering search terms. Field 582
initially includes text 586 (in at least some cases in phantom)
to make clear that any enterprise resources can be searched
including people, places, facilities, other resources. As
shown in FIG. 27, as letters are entered into field 582, server
12 searches for resources matching the entered letters and
presents the resources in a resource list or column 590. The
list 590 indicates the current enterprise locations of each
employee on the list. For instance, a “Bay conference room”
indicator 592 is presented above an employee designator or
indicator 594 to indicate that the employee associated with
indicator 594 is located within the Bay conference room.

Each name in the resource list 590 is presented as a
selectable hyperlink for accessing additional information
about an associated employee. For instance, if the name Jim
ion Oguchi 596 is selected in FIG. 27, device 60 may present
the screen shot 600 in FIG. 28 that shows additional
archived and real time information associated with the
selected name 596. Contact information like the phone
number, the e-mail address, etc., will be selectable in at least
some cases to initiate a communication process with the
employee indicated on the screen shot.

[In at least some cases resources may be searched by
specific name or a generic resource type. For instance, the
Bay conference room may be searched for by typing in the
name “Bay” or by typing in the phrase “conference room”,
either of which should yield the Bay conference room as at
least one option on a list.

Referring to FIG. 29, when the favorites icon 574 is
selected, the current locations of all resources on a favorites
list for the device 60 user may be identified and used to
create a screen shot similar to the screen shot shown in FIG.
25, albeit where all resources in a resource column include
favorites or are somehow tied to favorites. To this end, see
that screen shot 620 includes information regarding the
device 60 user at 622 at the top of the image, a distance scale
624 extending down from the information 622 and a list of
resources in column 626 arranged by distance where each
resource is adjacent a location on the scale 624 that reflects
a true distance of the resource from the device 60 and the
device 60 user. Stars 628 indicate each favorite resource.
Note that column 626 includes some conference room
entries that are not starred. These conference room entries in
column 626 are provided simply to indicate the locations of
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employees and not to indicate that those rooms are favorites.
Similarly, where a favorite conference room appears in the
resource column and is starred, in at least some embodi-
ments all employees in that room will be listed under the
conference room where favorite employees are starred and
non-favorites are simply listed to give the device 60 user a
sense of who is currently occupying the favorite conference
room.

Another possible favorites view or screen shot 640 is
shown in FIG. 30 where images 644, 646, 648 of cach
employee on a favorites list for the device 60 user are
presented on a map at their current locations in relation to
the location of the device 60 user at 642. For each image of
another employee, a status indicator is presented such as
“busy” 650, “available” 652, etc. The status indicators may
be color coded to indicate different statuses. Here, lines,
elongated triangles (see 660) or other connectors or links are
provided between the image of the device user at 642 and
images of each of the favorites to give the device user 60 a
clear understanding of his position with respect to his
favorites. As shown in FIG. 30, while images of each
favorite are shown in the view 640, other non-favorite
employees that appear on the view 640 are indicated via
phantom circles (662) or otherwise are visually distin-
guished. Other ways to distinguish a device 60 user, favorite
and non-favorite employees are contemplated. For instance,
the image of the device 60 user may be highlighted in green
while images of favorites are highlighted in yellow and
non-favorites may be highlighted in red phantom color.

Referring still to FIG. 30, favorite spaces on the map
shown may also be highlighted differently to distinguish
those spaces from others. For instance, space 666 is shown
cross hatched to indicate a favorite status that distinguishes
space 666 from other spaces. In some cases current status of
each space may also be indicated via some type of visually
distinguishing appearance. For instance, any favorite space
that is currently occupied may be colored red while open
favorite spaces are colored green and currently occupied
spaces that are scheduled to be unoccupied in the next 20
minutes may be colored yellow.

In addition to being used to locate and determine the
current status of enterprise resources, in at least some
embodiments portable or other computing devices like
device 60 may be useable to set notifications to indicate
changes in resource statuses. Here, many different types of
status changes are contemplated. Two general types of status
changes include employee initiated changes and tracked
changes. Employee initiated changes are simply messages
generated from one employee to others such as a message
indicating that cookies are available at a specific facility
location or that some information posted in a specific
conference room should be reviewed by an employee.

Tracked changes include statuses of one employee or
resource that another employee has indicated should be
reported via a notice. For instance, an employee’s status may
change from busy to available when the employee leaves a
conference room in which a conference was progressing. As
another instance, an employee’s status may change when the
employee enters a specific enterprise facility or space or
when the employee moves to within 30 yards of another
employee. As still one other instance, when a conference
room becomes unexpectedly available because a meeting
therein ends early, the status of the room may change from
occupied to unoccupied or even available.

Referring to FIG. 31, in at least some cases a toolbar 502
may include a notification icon 670 that, when selected,
causes device 60 to generate a screen shot 672 for setting
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different types of notifications. In FIG. 31, a list of employ-
ees for whom notifications may be set is presented at 674
and proximity and schedule alarm types are presented as
options in icons 676 and 678. Here, a device 60 user selects
an employee from list 674 for which an alarm or notification
is to be set and then selects one of the two alarm types via
icons 676 and 678. If a proximity alarm is to be set, other
tools for specifying distance from the device 60 user or
spaces are contemplated and if a schedule alarm is to be set,
other tools for indicating specifics about the alarm type are
contemplated.

Another function that may be performed within the sys-
tem described above is to assign information or notices to
specific locations within a facility that is associated there-
with for some reason. For instance, where a specific trav-
elling employee will be stationed in a remote office for a day,
an administrator may want to mark the office and indicate
that the employee will be generally around so that users of
devices 60 can easily see the location of the space to be
occupied by the employee. As another instance, where
someone brings in cookies to celebrate another employee’s
promotion, the location of the cookies can be marked for
others to see and as a guide to the cookies. To this end, see
FIG. 32 where a point of interest icon 680 within the toolbar
502 has been selected to access a screen shot 682 for
specifying a point of interest on a facility map. After icon
680 is selected, the device user would be instructed to select
a point (e.g., 686) on the map after which the message
window 690 is opened allowing an employee to select
recipients of the point of interest message and to craft a
suitable message. A keyboard 692 for navigating the win-
dow 690 and for typing in the message is provided as well
as a submit icon 694 for submitting the message. Once a
point of interest message has been submitted, the system
provides a notice to each of the employees targeted with the
message and, if one of those employees opens a map view
as in FIG. 32, a point of interest icon 686 is presented to
indicate the location of the point of interest.

In at least some cases when screen shot 682 is initially
accessed, device 60 will present a default point of interest
location corresponding to the current location of the device
60. Here, the default may be changed via touching another
location on the presented map. In at least some embodi-
ments, a favorite icon 691 may be presented in window 690
for adding all favorite employees to the recipient list for the
message. In some cases a local icon 693 may be presented
in window 690 for restricting the message to delivery only
to recipients within a specific enterprise area such as, for
instance, a local facility, a floor of a facility, an area of the
floor, etc. Thus for instance, where “local” corresponds to a
floor of a facility and both the local and favorites icons 693
and 691, respectively, are selected, the point of interest 698
may only be indicated to favorite employees of the device 60
user when the employees are located on the specific facility
floor.

In some cases points of interest may only be set for finite
periods. For instance, where a point of interest indicates
cookies at a specific location, the notice related thereto may
only be set to persist for 2 hours. In this regard see duration
icon 689 that may be selected in FIG. 32 to set a notice
duration for an associated point of interest.

While various aspects of at least some embodiments of
the present disclosure are described above in relation to
different types of interfaces, still other interface types that
represent the described aspects are contemplated where the
other interfaces types may be more intuitive to most system
users. For instance, in at least some embodiments it is
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contemplated that different applications may be presented
for locating and communication with employees on one
hand and for locating and reserving other resource types
(e.g., conference spaced, personal spaces, etc.). In this
regard see again FIG. 3 that includes two other application
icons including a compass icon 163 corresponding to an
employee or personnel tracking/notification application and
a room peak icon 165 corresponding to a space locating and
reserving application.

Referring to FIG. 33 a compass screen shot 700 for
employee tracking is shown that may be presented when the
compass icon 163 in FIG. 3 is selected. Screen shot 700
includes a lower tool bar section 704 and an upper infor-
mation section 702. Tool bar section 704 includes four
exemplary icons including a “Home” icon 708, a “Co-
workers” icon 710, a “Statistics” icon 712 and a “Settings”
icon 714, each of which is selectable to access a different
compass functionality. The default functionality is associ-
ated with the home icon 708 which is initially highlighted or
otherwise visually distinguished to indicate its initial default
selection. The home view shown in the information section
702 includes information at the top related to the device 60
user as well as a notifications section 716 there below. The
device user information includes an image of the device user
at 736 and the user’s name and title and current location at
738.

The notifications section 716 includes a list 717 of noti-
fications received by the device 60 user as well as a tab 722
for accessing all notifications that the device 60 user cur-
rently has pending or specified. The exemplary notification
list 717 includes notifications 718 and 720. Each of the
notifications includes similar information and therefore, in
the interest of simplifying this explanation, only notification
718 will be described here in detail.

Notification 718 includes an image 724 of an employee
associated with the notification (e.g., the employee whose
status the notification is associated with), a message 726, the
name of the employee associated with the notification and
the time 728 that the notification was generated. Notice 718
indicates that “There are updates I’d like you to review on
the whiteboard in project room 12” and that the notice was
generated by Joe Brown at 7:14 AM. An expander icon 730
may be selected to expand the notice to obtain additional
information. For instance, the additional information may
include a map to project room 12, a schedule for project
room 12, a way to access a communication application for
communicating with the employee associated with the
notice, etc. Notice 718 is an example of an employee
initiated notice (e.g., a notice generated by one employee for
a second employee) while notice 720 is a tracked notice that
was set by the device 60 user to indicate when the status of
a second employee has changed. Thus, notice 720 indicates
that a second employee has entered a media work area at
8:21 AM.

Referring still to FIG. 33, in addition to the information
described above, “visibility” indicators 734, 732, etc., are
provided for each of the employees shown in the view 700.
While resource and specifically employee tracking and
related notifications are useful tools, it has been recognized
that at least some enterprise employees will not want their
status to be tracked all the time, may only want certain
statuses to be trackable or visible to others, or may only want
a subset of other employees (e.g., favorites) to be able to
view their status. Indicators 732, 734, etc., indicate currently
set visibility of specific employees to other employees. For
instance, indicator 732 that shows an open eye indicates that
Joe Brown (e.g., the associated employee) has no visibility
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restrictions so that any enterprise employee has the ability to
track any status of Joe Brown. As another instance, indicator
734 associated with Jim Eisner shows a half closed eye
indicating that there are at least some restrictions to visibility
of Jim Eisner’s status to at least some enterprise employees.
For instance, Jim Eisner’s status may only be reported on a
facility location basis and may not allow other employees to
determine his specific location. As another instance, Jim
Eisner’s status may only be viewable by employees on Jim
Eisner’s favorites list and not by other employees. This sort
of visibility control function is useful in the context of the
notification features described herein and also in the context
of other aspects of this disclosure such as, for instance,
identifying employee locations in a view like the view
shown in FIG. 25.

To view current visibility restrictions for any employee, a
visibility icon (e.g., 732, 734) for the employee may be
selected in at least some embodiments. The visibility indi-
cators 734, 732, etc., presented may depend on which device
60 user is using a device 60. For instance, a first employee
may restrict visibility to a second employee but not to a
third. In this case, if the second employee is using her device
60, that employee would see a restricted visibility indicator
(e.g., half closed eye) while the third employee using his
device 60 would see an unrestricted visibility indicator (e.g.,
a fully open eye) for the first employee.

The pending notifications tab 722 can be selected to
access specified notifications that are currently set for the
device 60 user to indicate the status of other employees to
that user. To this end, when tab 722 is selected, a sub-
window 740 shown in FIG. 34 may be opened that includes
a list of pending notifications. In the illustrated example only
a single pending notification is shown at 742 that includes,
consistent with the style of the notifications in section 716,
an image 744 of the employee associated with the pending
notification and the name 746 of the employee. A notifica-
tion statement or specification 748 is presented in plain
English (or in some other suitable language) for the device
60 user to examine. The exemplary notification statement
748 states “Notity me when Jim ion is nearby.”

Referring still to FIG. 34, it has been recognized that there
are a small set of notice factors or parameters that need to be
specified in order to fully define a typical notification. In the
statement 748 there are three parameters specifying fields
750, 752 and 754, for specifying different aspects of the
notification. The fields 750, 752 and 754 are referred to
herein as the “recipient” field 750, the “tracked” field 752
and the “status” field 754. The recipient field 750 specifies
who should receive the notification once generated. Here,
options typically include the device 60 user (e.g., “me”) or
some other enterprise employee. Other recipients are con-
templated such as, for instance, “maintenance crew”, “facil-
ity administrator”, “caterer”, “IT specialist”, etc. The
“tracked” field 752 specifies the resource for which status is
being tracked. For instance, an employee’s name, may be
included in field 752. The status field 754 specifies the status
of the resource in field 752 that should be reported or
noticed. For instance, noticed statuses may include avail-
able, busy, nearby, within a specific facility, within a specific
space, nearby and available, etc.

Referring still to FIG. 34, in at least some embodiments
it is contemplated that a device 60 user may be able to select
any one of the fields 750, 752 and 754 to access options for
setting those parameters. For instance, a touch to field 750
may open a drop down menu enabling the device 60 user to
select from a list of employees or other recipients for the
notice, a touch of field 754 may open a different drop down
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menu enabling the device 60 user to select from a list of
possible statuses (e.g., nearby, within 50 meters, within a
specific facility, within a specific facility space, busy, avail-
able, travelling, with a specific second employee, etc.) to be
noticed, etc.

Window 740 also includes a “Notifications (Track Me)”
icon 753 that may be used to access a list of notifications that
track the user of device 60 and that report to some other
employee. This feature is useful for a device 60 user to
determine if visibility or privacy settings should be modi-
fied. The track me list would likely be similar to the list 742
shown in FIG. 34.

In at least some embodiments it is contemplated that a
device 60 user or other enterprise employee may be able to
set notifications that notify other employees of resource
statuses. For instance, a first employee may set a notification
to report when a second employee is within 50 meters of a
third employee and may have the notice delivered to the
third employee when the triggering status or parameter
occurs. Similarly, a first employee may set a notification to
report when a second employee is within 50 meters (e.g., a
triggering status) of a third employee and may have the
notice delivered to the first employee (e.g., the employee
that set the notice).

It should be appreciated that any status of any enterprise
resource may operate as a triggering status for a notification,
that the recipient of a notification may be any enterprise
employee and that any employee may be able to set any of
the notifications in at least some embodiments. Thus, while
not illustrated in FIG. 34 and related figures, a notification
may be set based on sensed or scheduled status of a
conference room. For instance, an employee may set a
notification to receive a notice when a specific conference
room is next unoccupied and unscheduled for at least 30
minutes. Here, the trigger status is unscheduled for 30
minutes and unoccupied. Many other triggering statuses are
contemplated.

Referring to FIG. 35, a screen shot 780 that may be
presented in at least some embodiments of the present
disclosure when the co-worker icon 710 is selected is
illustrated. Screen shot 780 includes the same tool section
704 as describe above, albeit where co-worker icon 710 is
highlighted as opposed to the home icon. The information
section includes a sub-menu 782 and a current location
reporting section including, in the exemplary shot, an “In my
neighborhood” section 784 and a “Within 50 feet” section
786. The sub-menu section 782 includes a “Favorites” icon
802, a “Near me” icon 804 and a “Search” icon 806.
Selection of favorites icon 802 causes a list of the device 60
user’s favorite employees to be presented, selection of the
near me icon 804 causes a list of employees near the device
60 user to be presented and selection of search icon 806
causes a search tool to be opened up as described in greater
detail hereafter. In FIG. 35 the favorites icon 802 is shown
highlighted to indicate selection thereof. In at least some
cases the favorites icon 802 will be the default selection
when co-workers icon 710 is selected.

Although icon 710 is a co-workers icon for searching for
enterprise employees, in other embodiments the icon 710
may be a more general resources icon selectable to identify
different resources proximate and available for use by a
device 60 user. For instance, employees as well as confer-
ence and personal spaces may be locatable via icon 710 in
some cases.

Referring still to FIG. 35, favorite employees are divided
into groups as a function of their distance from device 60
where the groups include employees proximate the device
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60 user and employees 50 feet or more away from device 60.
For instance, three favorite employees are indicated at 788
within the device 60 user’s neighborhood 784 (e.g., within
50 feet) and a single favorite employee is shown within the
greater than 50 feet range. Other distance divisions are
contemplated. Each employee listed includes an image 790
of the employee, the employee’s name 792 and a status
indicator 794 for the employee.

In addition, a notifications indication 796 and a favorites
indication 798 as well as an expander icon 800 are provided
for each listed employee. The notifications indication
includes a count indicator 810 that indicates a number of
notifications set by the device 60 user for an associated
employee in the list. For instance, a “1” qualifier 810
spatially linked to the notification indicator 796 for a specific
employee indicates that there is one notification specifica-
tion set for the associated employee. Other notification
indicators like 796 that do not include a number qualifier
indicate that there are no currently set notifications for the
associated employee.

A star 798 is provided for each of the employees in the
favorites list because each of those employees is a favorite
of the device 60 user. Again, each expander icon 800 can be
selected to expand information related to the associated
employee. A visibility indicator 812 is provided next to each
image of an employee in the list to clearly indicate to the
device 60 user whether or not notifications can currently be
set for associated employees.

In at least some embodiments it is contemplated that
where a notification tracking a specific employee is set but
that employee is currently not visible or trackable (e.g., the
employee has disabled the ability to track that employee or
has at least disabled the type of tracking that the notification
requires), inability to track the employee as required in the
notification may be clearly indicated to a device 60 user so
that the user knows not to rely on the notification features of
the system. For instance, referring still to FIG. 35, where the
employee associated with image 790 disables tracking of his
location and status generally, the entire section of the screen
shot associated with the employee may be shaded red to
indicate that the currently set notification is not supported.
This would give the device 60 user the option to attempt to
contact the non-trackable employee in some other fashion.
Other ways to notify a device 60 user that another employee
has disabled tracking for that employee are also contem-
plated. For instance, referring again to FIG. 34 where
notification 742 indicates that the device 60 user wants a
notice when Jim ion Oguchi is near him, if Jim ion Oguchi
disables tracking, the system may automatically identify any
notifications associated with Mr. Oguchi and present an
indication that the visibility or trackability of the employee
has been altered.

In still other cases server 12 may be programmed to
generate an e-mail, a text, a recorded voice message or some
other type of communication to indicate to an employee
whenever visibility required to support a set notification is
disabled. Similarly, whenever one employee sets a new
notification for another employee, server 12 may generate
and transmit an e-mail or other communication to other the
employee indicating that the notification has been set. In at
least some cases the e-mail or other communication may
enable the other employee to quickly and intuitively reject
the new notification by, for instance, selecting a “reject” icon
or the like in the e-mail. In other cases, prior to enabling a
specified notification, a first employee receiving an e-mail or
the like indicating that another employee has specified a
notice to track the first employee may have to affirmatively
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agree to the tracking process via selection of an “accept”
icon or the like in the electronic message.

Referring now to FIG. 36, when the near me icon 804 is
selected, a list of employees ordered as a function of
distance from device 60 is presented at 820. In this case, all
employees and not just favorites are listed so that favorites
indicating stars (e.g., 798) are presented only for employees
on the favorites list for the device 60 user. When search icon
806 is selected, a search field 830 is opened and a virtual
keyboard 832 is presented for entering search text for
employees as shown in FIG. 37. Once a search is entered, a
list of employees fitting the search criteria is presented
below the search field 830.

Selection of an employee from any one of the lists in
FIGS. 35 through 37 via one of the expander icons 800 or
the like may open a screen shot akin to the screen shot 850
shown in FIG. 38 that includes expanded information related
to the associated employee. The expanded information
includes an image 852 and name and current location 854 for
the associated employee along with a notifications icon 856,
a messages icon 858, a location icon 860, a favorite (or
un-favorite) icon 862 and contact information including a
phone number 864, an e-mail address 866 and a set of social
media applications 868 for contacting the employee via one
or more applications. Any of 864, 866 or 868 may be
selected to establish immediate contact with the employee.
The notifications icon 856 includes a count indicator 857
that indicates that one notification is set where the “1”
indicator can be selected to see the notification specification.
Icon 856 can be selected to alter (e.g., add, delete or modify
existing) notifications. The messages icon 858 can be
selected to review existing messages or notifications from
the associated employee the device 60 user. Location icon
860 is selectable to locate the associated employee on a
virtual map like the ones described above. Icon 862 is
selectable to toggle between favorite and un-favorite status
for the associated employee. Again, a visibility indicator 870
is presented for the employee to indicate current ability to
track the employee.

In at least some embodiments setting a notification will be
extremely simple and intuitive. To this end, see the set of
figures beginning with FIG. 39 that show exemplary screen
shots that may guide a device 60 user through the process of
setting different types of notifications. In the case of any
notification there is an employee (or other resource) being
tracked and another employee being notified. To this end,
when a device user selects icon 856 in FIG. 38 to specify a
new notification associated with the employee in image 852,
device 60 may present screen shot 880 presenting each of the
device 60 user 882 and the other employee 884 as options
(e.g., via images) to receive the notification. In addition, to
help guide the device 60 user, device 60 may also present
current notifications in a pending notifications window 886
related to the other employee 884 so that the device 60 user
does not inadvertently specify a pending or substantially
similar notification a second time.

Assuming the device 60 user want to specify another
notification for himself tracking status of the other
employee, the device user selects icon 882 and device 60
presents the screen shot 890 in FIG. 40. In at least some
embodiments notifications will be one of two types, either
status based or location based. Location based notifications
are related to the location, either actual or relative location,
of'an employee. For instance, is the employee within 50 feet
of me or is the employee within a specific conference room,
etc.
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Status based notifications include all other non-location
based notifications. For instance, is an employee currently
available, is the employee currently busy, is the employee’s
visibility status currently set to visible or hidden, etc. In at
least some cases notification type will automatically default
to the status type or the location type to reduce the selections
required by a device 60 user by at least one. In FIG. 40,
notification type icons for status 892 and location 894 are
shown with the status icon shaded or otherwise visually
distinguished to indicate that the status icon has been
defaulted to. Basic status options for selection are presented
at 896, 898, 900 and 902 that correspond to available, busy,
visible, and hidden, respectively. Once a status icon is
selected, a submit icon 904 can be selected to submit the
specified notification.

Referring to FIG. 41, when location icon 894 is selected,
device 60, in at least some embodiments, presents a basic set
of location options in a list 910 that includes “Is nearby”
912, “Enters a neighborhood” 914 and “Leaves current
neighborhood” 916 options. Here, for instance, if the device
60 user wants to know when the other employee is near (e.g.,
within 50 feet of) the device 60 user, the device user would
select option 912. If the device user wants to know when the
other employee is in a specific neighborhood (e.g., a specific
facility, a specific area of a facility, etc.), the device 60 user
may select option 914, and if the user wants to know when
the other employee leaves a specific (e.g., current or future)
neighborhood, the device 60 user can select option 916. Icon
904 can be selected to submit a specified notification.

In FIG. 41, if the neighborhood option 914 is selected,
device 60 may present a screen shot 920 as in FIG. 42
including a list 922 of possible neighborhoods (e.g., spaces)
that can be selected as parameters for the notification
specification. One or more of the spaces on the list may be
selected and the notification specification can be submitted
by selecting submit icon 924.

Referring again to FIG. 39, if the device 60 user selects
the other employee icon 884, device 60 may present a screen
shot 940 shown in FIG. 43 where icon 884 is highlighted or
otherwise visually distinguished and options of notification
types are presented as selectable “Now” icon 942, “Status”
icon 944 and “Location” icon 946. In this embodiments, the
status and location icons 944 and 946, respectively, may
operate in a fashion similar to that described above. The now
icon 942 and associated data entry tools are presented as an
initial default enabling the device 60 user to generate a
message for immediate delivery to the other employee
indicated at 844. To this end the default tools include a field
for entering a text message as well as a virtual keyboard 945
for text entry.

Referring to FIG. 44, when settings icon 714 is selected,
a settings screen shot 958 is presented that enables a device
60 user to set privacy (e.g., visibility) and notifications
settings. A default option may be that privacy icon 960 is
highlighted and initially selected so that privacy setting tools
are initially presented. The privacy setting tools include a
“Hide location” setting toggle button 964, a “Show visibility
at work” button 966, a “Show my floor” toggle button 968,
a “Show my room” toggle button 970 and a “Show location
to favorites only” toggle button 972. Button 964 either
enables location tracking/visibility by other employees or
turns the feature off. Button 966 enables or disables visibility
of an employee while away from enterprise facilities (e.g.,
as reported by a GPS tracking application or the like to
server 12). Buttons 968 and 970 enable or disable floor and
room visibility, respectively. Button 972 allows a user to
indicate whether or not all employees or only favorite
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employees have the ability to view or track the device 60
user’s location. Other location or other status based privacy
settings are contemplated (e.g., hide location when in spe-
cific facility space(s), hide location when with a specific
other employee, show location when in scheduled meetings
only, show location only when travelling between scheduled
meetings when the travel time remaining is greater than 30
minutes, etc.).

In FIG. 44, when the notifications icon 962 is selected,
device 60 may present the screen shot 980 shown in FIG. 45
that presents notification options for selection. In the illus-
trated example, the notification options include “Notifica-
tions from favorites” 984 and “Notification from co-work-
ers” 986 designators along with notification type icons
including phone icons 988 and 992 and e-mail options 990
and 994 for each of the designators 984 and 986. In FIG. 45,
any of the icons 988, 990, 992 or 994 may be selected to
toggle the notification types on and off for each of the
designators 984 and 986. In FIG. 45 boxes or other high-
lighting 996 and 998 are shown to indicate currently selected
notification types where non-boxed icons indicate notifica-
tion types that are off. Thus, in FIG. 45, phone notifications
are on for favorite employees while e-mail notifications are
on for all co-workers of the device 60 user. Other commu-
nication types (e.g., instant messaging, etc.) are contem-
plated and would be supported as options via screen shot
980.

Referring yet again to FIG. 33, when statistics icon 712 is
selected, a screen shot 1000 as in FIG. 46 may be presented
that, for the device 60 user, shows various statistics. For
instance, in FIG. 46 default statistics indicate the percent of
a device 60 user’s time that is scheduled as “available” and
“busy”. This view may help a device 60 user either maintain
a more accurate schedule if the busy percent does not reflect
the amount of actual scheduled time for the user or may help
the user if the user recognizes that there is not enough
available time in her schedule.

In at least some of the features described above the
disclosed system attempts to optimize interface use by
defaulting to a most likely set of selections. In other embodi-
ments the system may be programmed to always default to
likely selections to help expedite the specifying process. For
instance, see again FIG. 40 that may represent a default most
likely notification specification when “notify when” icon
856 in FIG. 38 is selected. As shown, the specification
selects “me” as the employee to notify, selects the “status”
type 892 of notification and selects the “available” status
896. Here, if the device 60 user likes the default notification
specification, the user can simply select submit icon 904 to
submit the notification to the system. Here, if the user
changes any of the notification parameters, the system may
again, based on the change, make a most likely selection of
other parameters automatically. For instance, if screen shot
890 from FIG. 40 were presented and the device 60 user
selected icon 884 so that the notice would be to Jim ion,
other most likely options in the other specifying fields (e.g.,
status or location, etc.) may be automatically selected.

Referring again to FIG. 3, room peak icon 163 corre-
sponds to another application that may be used to identify
space resource utilization and to schedule space use. The
room peak application may present space options in yet
another visual paradigm. To this end, it has been recognized
that spaces can be generally categorized as a function of
their affordances into a relatively small set of space type
options and the type options can be presented to employees
for selection so that the employees can forego the need to
specify a list of preferred affordances. For instance, the
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space type “private phone booth” is sufficiently descriptive
for an employee to know that a space of that type will
include affordances optimized for a single person phone call
without requiring further specification of desired affor-
dances. Similarly, a space type descriptor “meeting room
with video” is sufficiently descriptive for an employee to
understand that the space is optimized for video conferenc-
ing.

Presenting space options based on general types is intui-
tive and can expedite use of search capabilities. See FIG. 47
that shown an initial room peak screen shot 1010 that may
be presented when icon 163 in FIG. 3 is selected. Screen
shot 1010 includes a list 1012 of basic space types along a
bottom edge with associated selectable icons 1014, 1016,
1018, 1020 and 1022. Icon 1020 is shown highlighted to
indicate selection but the highlight can be moved about from
one space type option icon to another to select any one of the
multiple different space types. Initially one of the selectable
icons (e.g., 1014, 1016, etc.) may be selecte3d as a default
when the Room Peak application is accessed. The selected
space type is visually distinguished in some fashion from
other space types in the list 1012. In FIG. 47 the space type
options include a private phone booth, a private video booth,
a small meeting room, a meeting room with video and a
large meeting room where icon 1020 indicates that the
meeting room with video option has been selected to visu-
ally distinguish that space type from others.

A space list including spaces that are consistent with the
selected space type at 1020 is presented at the top of the
screen shot and, in the illustrated example, includes six
options including, among others, a “Large” space option
1024, a “Living Room” option 106 and a “Conference Room
1” option 1022. For each option in the list, the option is
presented with a status indicator. For instance, for the large
space, a status indicator 1030 indicates that the space is
available for the next 75 minutes while an indicator for the
living room space indicates at 1032 that the space is cur-
rently booked but unoccupied. Another indicator 1034 indi-
cates that the conference room 1 space is occupied but will
be available in 15 minutes. Other status indicator indicate
occupied, available, etc. Using the screen shot 1010, an
employee can quickly view all spaces that meet basic criteria
associated with a selected room type. While occupied spaces
are indicated in FIG. 47, in some embodiments only avail-
able spaces may be indicated.

As in embodiments described above, different space
options in the presented list may be colored, shaded, high-
lighted or otherwise visually distinguished to indicate their
current statuses. For instance, as seen in FIG. 43, all occu-
pied spaces shown as double-cross hatched may be shaded
red, all booked but unoccupied spaces shown in single
cross-hatch may be shaded yellow and all available spaced
may be shaded green.

Referring to FIG. 48, once a space is selected from the list
in FIG. 47, more information associated with the selected
space is presented via a screen shot 1040. The additional
information may include, for instance, a general description
of the space 1042 and a schedule 1044 showing currently
scheduled use of the space as well as a current time indicator
1046. A default duration (e.g., 60 minutes) suggested period
1047 may be indicated on the schedule to expedite a
scheduling process. A selectable icon 1048 for scheduling
use of the space within a free or available period is pre-
sented.

Referring to FIG. 49, in other embodiments the additional
information presented when a space is selected from the
FIG. 47 list may include a map of a top plan view of the
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space selected along with the general information 1042 and
the schedule information 1044 with a hold icon 1051.

It has been recognized that many device 60 users prefer a
natural language interface for searching for available
resources. In at least some cases the room peak or other
applications may be based on natural language searches as
opposed to other specifying types of interfaces. To this end,
see FIG. 50 that shows one screen shot 1060 of a natural
language type interface for locating an enterprise space that
is available for use. In FIG. 50, the interface includes a
simple natural language statement 1062 with some default
parameters initially set in an attempt to expedite the space
locating process. The exemplary statement 1062 states “I
need a space to meet with 3 people for 60 minutes now”.
Here, the statement includes four qualifiers or parameters
that may be altered from the initial default settings to
customize the search statement where each of the qualifiers
is shown in a rectangular field. In at least some embodi-
ments, instead of showing a rectangular field about each
qualifier, the qualifier may be visually distinguished in some
other fashion such as, for instance, via highlighting with
yellow or a different color, underlining, balding, etc. The
four fields include an activity qualifier field 1064, a number
of participants qualifier field 1066, a time field 1068 and a
start field 1070.

The activity field 1064 is for specifying an activity type
for the space sought which may affect which spaces are
suggested as options for a device 60 user. For instance,
where the activity is a video call, only spaces including
hardware for facilitating a video call may be identified. The
participant’s field 1066 allows a user to specify a number of
persons that need to be supported within the space and the
time field 1068 allows the user to specify the duration of the
meeting to occur. The Start field 1070 allows a user to
indicate when the meeting has to start (e.g., now, tomorrow,
some future date, etc.).

Any of the fields 1064, 1066, 1068 and 1070 may be
selected to open a drop down selection window with options
to be selected by the user. For instance, two drop down
windows 1072 and 1074 are shown for fields 1064 and 1070,
respectively, where a box 1076 and 1078 in each window
can be moved to change the selection in the associated field
1064 or 1070. After a statement 1062 has been altered to
reflect a space required by the device 60 user, a search or
submit icon 1080 near the bottom of the screen shot 1060 is
selectable to submit the search query to the system server 12.

Once the statement from screen shot 1060 has been
submitted, server 12 identifies all facility spaces that meet
the required characteristics and presents those spaces in
another screen shot 1070 as a list 1072 as shown in FIG. 51
along with status indicators similar to those described above.

The screen shot in FIG. 51 also includes a “Beg for a
space” icon 1074 that can be selected by a device 60 user to
request a space with specific affordances. For instance, if all
spaces in a facility that include video conferencing capa-
bilities are currently scheduled for a specific time, an
employee may use icon 1074 to specify a request to other
employees that have space with video conferencing capa-
bilities reserved in an attempt to free up one of the spaces for
use. Where a specific occupied space is required or strongly
desired for some reason, an employee may be able to request
the specific space. For instance, in FIG. 51, an employee
may be able to select icon 1076 corresponding to conference
room 4 to highlight that space and then select the beg for a
space icon 1074 to send a message to the occupier of that
space to request use.
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While the interface in FIG. 50 includes four query param-
eter fields 1064, 1066, 1068 and 1070, in other embodiments
less or more fields may be provided. While more fields may
be provided, the idea here is to require the minimal number
of fields to identify a reasonable number of available space
options and therefore less fields are often better. Thus, while
particularly useful interfaces include four or even three
fields, in other embodiments it may be useful to have eight
or less fields.

[As described above, in at least some cases notifications
related to tracked resources may be issued via communica-
tion applications that reside outside the corporate maps,
compass and room peak applications that initiate the notices.
For instance, see FIG. 52 that shows a screen shot 1090
including an exemplary text message 1092 that would be
transmitted to and presented by a device used by an
employee currently occupying a space that has video call
capabilities when another employs (e.g., Kelly B) is begging
for such a space. The text message indicates the need for the
space and offers a simple way to release the space. As
another instance see FIG. 53 where a screen shot 1100
includes a text message 1102 indicating that a conference
room 1 is now available to a device 60 user that also includes
instructions for holding the room. Text message 1102 would
be generated by the room peak or perhaps corporate maps
application and transmitted via an existing text message
application.

In addition to supporting the concepts described above,
the room peak or other applications may provide other
functionality to manage resources. For instance, where an
employee has booked a conference space for a specific time
period but has not entered the booked space within some
threshold period prior to the booked period, server 12 may
generate screen shot 1120 in FIG. 54 including text message
1122 indicating that the employee has the space (e.g.,
conference room 1) booked in 5 minutes and may allow the
employee to confirm a need to maintain the booking or to
release the booking. As another instance, if an employee that
has reserved a space has not entered the space within 10
minutes of the reserved time, server 12 may generate a
screen shot 1130 as in FIG. 55 notifying the employee via
text 1132 that the space is being released unless some
affirmative step is performed to reclaim the space.

The rules for when to generate different text messages
may be far more complex. For example, where an employee
has not entered a booked space within 5 minutes prior to the
booked time, if the employee is located proximate the
booked space (e.g., in a hallway outside the space), server 12
may forego the text message shown in FIG. 54. If other
employees that were invited to a meeting in a space are
located in the space during a scheduled time even if the
employee that booked the space is missing, the server 12
may forego the text message in FIG. 57. Similarly, if there
are many non-booked spaces that are comparable to a space
that is booked by a first employee that are in the general area
of'the booked space, the system may forego any notice to the
bookee querying about intent to use the space or in an effort
to free up the space as, in this case, it is highly unlikely that
the booked space would be needed.

Other views of enterprise space availability and affor-
dances are contemplated. For instance, see the screen shot
1200 in FIG. 56 that includes general space descriptors
“private phone booth” 1202, “private video booth” 1204,
“small meeting room” 1206, “meeting room w/video con-
ference” 1208 and “large meeting room” 1210 in a top row
and separate columns of space representations under each
general space descriptor listing facility spaces that are
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consistent with the general space descriptors. For instance,
under the “private phone booth” descriptor 1202, five phone
booth type spaces are listed at 1212 through 1216. Similarly,
for the “small meeting room” descriptor 1206, five spaces
are labeled 1220 through 1224. Each space representation
also includes a capacity indicator and a video capability
indicator. To this end, see exemplary capacity indicator 1230
that indicates that two people can be supported in space 1220
and video indicator 1232 indicating that space 1220 has
video capability.

Referring still to FIG. 56, each space representation also
includes text indicating current status as occupied, available,
etc. In addition, each representation is shaded or otherwise
visually distinguished to indicate space status. For instance,
all representation is associated with occupied spaces are
shown double-cross hatched to indicate red shading, all
representations associated with booked but unoccupied
spaces are shown cross-hatched to indicate yellow shading
and all representations associated with available spaces are
shown unfilled to indicate green shading. Thus, a device 60
user viewing screen shot 1200 can quickly identify general
space types within a facility, can identify specific instances
of each space type, can assess which spaces are available,
occupied or booked and unoccupied and can assess space
capacity and at least availability of video affordances within
each space. If a space of interest is identified, the device 60
user can select the space representation to access additional
information.

Again, while occupied and unoccupied spaces are all
included in the FIG. 56 view, in other cases only available
spaces or spaces that will become available shortly may be
presented. While other views are contemplated, it is believed
that showing the status of all spaces as in FIG. 56 may be
advantageous as an employee can confirm statuses of all
spaces and may avoid being confused if occupied spaces are
off the lists. In some cases, available spaces may be pre-
sented at the top of each column followed by scheduled but
unoccupied spaces, followed by soon to be available spaces
and then occupied spaces. Where certain spaces are favorites
of a device 60 user, those spaces may be presented above
others generally or within their status grouping (e.g., favor-
ite available spaces may be presented above non-favorite
available spaces). In some cases, spaces may also be orga-
nized in the columns as a function of other parameters. For
instance, other parameters may include duration of current
status (e.g., spaces available longer may be above spaces
available for shorter periods; spaces to be available rela-
tively quickly may be above spaces to be occupied for
shorter periods, etc.), capacity (e.g., spaces with video
capability or some other affordance may be listed above
spaces that do not have such capabilities).

In FIG. 56, there are two view specifiers including a “list
view” corresponding to the view shown in FIG. 56 and a
floor plan view 1232. The two views are alternatives and can
be selected by touch or some other interface to move a
selection box 1234 from one to the other. When specifier
1232 is selected, device 60 may present screen shot 1240 as
shown in FIG. 57. Screen shot 1240 shows a map or floor
plan view showing facility space where the different spaces
are shaded to indicate current status (e.g., available, occu-
pied, booked but unoccupied, etc.). To this end, double-cross
hatched spaces 1242 and 1244 indicate red shading associ-
ated with occupied space, single cross-hatched spaces 1246,
1248 indicate booked but unoccupied spaced that may be
yellow and spaces 1250 and 1252 that are not filled indicate
available spaces that may be green.



US 10,970,662 B2

45

While the invention may be susceptible to various modi-
fications and alternative forms, specific embodiments have
been shown by way of example in the drawings and have
been described in detail herein. However, it should be
understood that the invention is not intended to be limited to
the particular forms disclosed. For example, the collector
subassembly 49 shown in FIGS. 6 and 7 may have other
forms. For instance, in some cases the assembly may not
include separate satellite units 50a, 505 and instead the base
52 may include collectors for obtaining data directly from
devices 40. While this type of system may not work well in
some environments, it may be sufficient in others (e.g., a
small personal office) where devices 40 are relatively proxi-
mate bases 52.

As another example, while many of the views described
above are current or real time views of resource statuses,
other embodiments contemplated may enable system users
to specify a temporal aspect to a view to obtain other useful
resource status information. For example, see in FIG. 56 that
a time line 1300 is provided that indicates a current time
(e.g., now) at a left and a rolling time indicator to the right
thereof. Here, a selected time is indicated by arrow 1302.
Arrow 1302 (e.g., a time selection tool) can be moved along
line 1300 to select a different time. The time indicated by
arrow 1302 in FIG. 56 is a current time. When arrow 1302
is moved to a different time on the line 1300, the statuses of
the spaces represented in screenshot 1200 would be modi-
fied to reflect scheduled statuses for the spaces. For instance,
an occupied space that is available at a future time selected
via line 1300 would be indicated as available. Here, in
addition to changing the status indicators, where rules (e.g.,
available listed prior to occupied, etc.) govern the order in
which spaces are represented in the columns, the orders of
the columns would be reshuffled accordingly. Similar time
selection controls 1306 and 1307 are provided in FIG. 57
where space shading in the image presented would be
changed to reflect future use.

As another example, see FIG. 25 where the screen shot
includes a time line 1310 like the timeline 1300 in FIG. 56
that can be used to select a subsequent time to view
scheduled locations of other employees related to the sched-
uled location of a device 60 user. When selector 1312 is
moved on line 1310 to select a different time, the informa-
tion at 501 is altered to reflect scheduled locations of
employees relative to the scheduled location of the device 60
user.

A temporal aspect may also be added to notifications in at
least some embodiments. For instance, see FIG. 58 that is
similar to the view shown in FIG. 34, albeit where the plain
English notification specification 1390 includes a fourth
parameter field 1400 for specifying a time associated with
the notification. Here, it has been recognized that in at least
some cases a first employee will want to know in advance
when another employee will be in the vicinity of the first
employee. For example, a first employee may want to know
any time a second employee is scheduled to be within the
vicinity of the first employee in the next hour, in the next
twelve hours, etc., to give the first employee an opportunity
to attempt to schedule a face-to-face meeting with the
second employee.

In FIG. 58, a pop-up window 1402 is shown that may be
presented when parameter field 1400 is selected which
includes a set of pre-canned period options including “now”
1404, “in the next hour” 1406, “in the next 12 hours” 1408
and “in the next week” 1410. A period selection box 1412
can be moved about to select one of the four options. Where,
for instance, the “in the next 12 hours” option 1408 is
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selected, server 12 monitors schedules of both the device 60
user and the other employee whose location is being tracked
during a following rolling 12 hour period and generates a
notification (e.g., in a list as at 717 in FIG. 33, via a text or
e-mail, etc.) when the schedules indicate that the two
employees are generally in the same location (e.g., in the
same facility).

As still one other example, when an employee adjusts
privacy setting, server 12 may be programmed to indicate to
that employee any notification that will be affected by the
newly selected setting. In this regard, see again FIG. 44
where a selectable icon 973 reports the number of notifica-
tions affected by new settings. In FIG. 44 it is assumed
toggle button 970 has been toggled and icon 973 reports that
four notifications are affected by the change. Here “affected”
may mean enabled or disabled. To obtain more information
on the affected notifications the device 60 user can select
icon 44. In still other embodiments it is contemplated that
other data collector devices may be used in the above
described system such as, for instance, space or room
cameras (see 9 in FIG. 1) for collecting information useable
to drive processes described above. For instance, a Kinect
camera as sold by Microsoft or other camera device 9 may
be able to obtain images of a space useable to detect
occupancy, number of persons in a space, locations and
juxtapositions of affordances, etc., for driving resource
locating, notifications and scheduling. Camera images may
be used in conjunction with data collected by other devices.
For instance, where signals from a portable device 60
received by an access point 38 cannot be used to distinguish
if the device 60 is located in space 205 picks up an image of
a single employee in space 205 and no employee is located
in the images generated by camera 9 in FIG. 20e, server 12
may be programmed to recognize that the device 60 is
located in space 20b. Here, in at least some cases, the
locating algorithm may be modified as a function of feed-
back based on the camera images to better tune the location
process. Other combinations of camera data and other
sensed data are contemplated.

In at least come cases stationary or mounted display
screens may be used to present resource information and
interface tools to employees instead of or in addition to
portable computing devices. For instance, a Room Wizard
("™Steelcase) as manufactured and sold by Steelcase Cor-
poration, mounted outside a conference space may present
resource availability information including information akin
to any of the types of information described above as well
as scheduling, notification and other parameter setting tools.
In still other cases Room Wizard type devices may be
presented at individual desks or work spaces within a larger
open space. As another instance, larger Room Wizard type
screens may be presented at entry locations to various spaces
such as in front of an elevator to a floor, a doorway into a
specific department, etc., to greet employees, present
resource information (e.g., who is on premise, open and
occupied or scheduled spaces, etc.

Additional Specification

Data collection in enterprise space can be important for
several reasons. First, data collected within a space can be
used to track employee space use and to generate reports on
space use that can be provided to an enterprise entity (e.g.,
to a space or affordance purchasing client). The enterprise
entity may then use the reports to assess space effectiveness
and how well employees are using space and affordances
that are provided in that space. The entity can then determine
if some remedial activities are required to increase effective
use of enterprise space and affordances. For instance, where
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specific affordances are not being effectively utilized, the
enterprise may increase training for employees in order to
increase familiarity with affordance use and therefore foster
greater and more effective use. Thus, an enterprise admin-
istrator (e.g., an enterprise employee responsible for enter-
prise space and affordances design and layout) may use
space use data to better understand enterprise needs and
current space/affordance effectiveness.

Second, space use data can be used to automatically
provide guidance to employees that work within a space and
that use affordances within the space. For instance, in cases
where height adjustable tables are provided for employee
use so that employees have the option to stand or sit while
working at workstations, a system server or other processor
may, based on sensed sitting or standing position and
duration of time in that position, provide a message to a
workstation user to change position (e.g., from sit to stand
or vice versa). As another instance, a system server may,
based on the time an employee has been located at a
workstation, encourage the employee to take five minutes to
stand up and stretch. Many other personal and group guid-
ance activities may be driven by sensed space use data.

Third, space use data may be used by a space and
affordance designer or manufacturing or configuring com-
pany to develop insights into better space and affordance
configurations. For example where collected data makes
clear that a first conference space design is used substan-
tially more than other conference space designs, an inference
may be drawn that the first conference space design is better
for some reason and therefore a space configuring company
may decide to encourage use of the first conference space
design before others to future clients. As another example,
where a first workstation design clearly enables employees
to enter a state of flow (e.g., highly focused individual work
activity, in at least some cases) more rapidly than others, a
space configuring company may look for ways to incorpo-
rate more of the first workstation design into their space
layouts in the future. In addition, in either of the above two
cases, the configuring company may also develop re-design
plans for enterprise space from which the driving space use
data was derived which could result in additional sales of the
first conference spaces as well as the first workstation
designs.

Fourth, ambient or environmental state data can be cor-
related with various other sensed information to assess how
ambient control affects employee activities within space.
Here, the phrase “ambient state” is used to refer to ambient
conditions such as, for instance, temperature in an enterprise
space, the amount of natural light, synthetic light intensity,
noise level, air flow, energy intensity in space, etc. For
example, the ability of employees to enter a flow state may
be correlated with ambient noise levels to generate insights
into how noise affects employee focus and that information
may be used to provide feedback to a service client, to drive
design of other spaces and affordances, etc.

Fifth, space use data can be used to develop new and more
accurate applications and algorithms that use the space use
data to determine user states. Hereinafter the phrase “user
state” will be used to refer to any individual or group user
condition that can be identified including but not limited to
physiological parameters or conditions (e.g., present, hot,
cold, positional (e.g., sitting, standing, etc.), fidgetiness,
etc.), mental states or conditions (e.g., in flow, distracted,
collaborating, content generating, content evaluating, con-
tent presenting, degree of verbal participation, degree of
attention or engagement, etc.) or effectiveness of result (e.g.,
quantity and/or quality of work product, etc.). If user states
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are accurately determined, those states, can be used to drive
more insightful client reports, provide better employee guid-
ance and to develop better insights into space and affordance
designs and configurations to support enterprise employees
in the future.

One particularly useful type of sensor device is a camera
based sensor. Complex machine vision algorithms have been
developed that can examine images or video of a space or
scene and identify many different user and affordance states.
For instance, machine vision algorithms exist for detecting
user presence in space, for counting occupants of a space, for
identifying locations of occupants within a space, for rec-
ognizing movement in space, etc.

While cameras are useful in some applications, it is
expected that in many environments or enterprise facilities
personal privacy (e.g., employee privacy), group privacy
(e.g., who is meeting with whom), and data privacy (e.g.,
privacy related to work product development on conference
spaces, at workstations, etc.) concerns will result in enter-
prise restrictions on camera use in many spaces. For
instance, an enterprise may want to prohibit cameras in
conference spaces as part of a data security program. As
another instance, employees at enterprise workstations may
not want cameras trained on their workstations all the time
for sensing user states throughout the day. Many other
privacy concerns are expected to limit or prohibit camera
use in many enterprise spaces.

In spaces where cameras cannot be used or can only be
used in a limited fashion, for all the reasons described above,
there is still a compelling need for sensing user states and
ambient states throughout enterprise space. For this reason,
in at least some embodiments a sensor ecosystem has been
developed that can sense various user states and ambient
states or can generate data to drive system algorithms and
applications that yield user states and ambient states where
the ecosystem does not necessarily require cameras. Here,
the challenge is to generate data without cameras that can be
used to accurately determine user and ambient states that
drive all of the above described functionality. A further
challenge is to generate additional types of data that go
beyond the types of data a camera can generate to drive
additional types of algorithms and applications so that the
above described functionality can evolve and provide addi-
tional value.

In at least some embodiments it is contemplated that an
entire sensing/tracking ecosystem (hereinafter a “sensing
ecosystem”) may be configured and operated within enter-
prise space where, for any given space, the ecosystem can be
configured in many different ways to achieve many different
sensing and tracking goals to varying degrees and where
system analysts can provide feedback regarding system
output or to develop new system algorithms and reports
which are used to increase accuracy and value of the system
output over time. In at least some cases, the system output
from one enterprise can be used to add value in other
enterprises (e.g., for other ecosystem clients) as conclusions
rendered or algorithms developed by the system for one
enterprise or specified by one analyst for one enterprise
often prove valuable to other enterprises.

A. System Architecture

Referring now to FIG. 59, an exemplary sensing ecosys-
tem 1500 is illustrated which includes, among other things,
a system server 1504 that is linked to an enterprise (e.g.,
facilities associated with a business or other entity) repre-
sented by phantom box 1502. The server 1504 is shown in
the “cloud” to indicate that the server is, in at least some
cases, remotely located from the enterprise 1502. In other
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cases server 1504 may be located at an enterprise facility.
While shown as a single server 1504, the server may include
a plurality of servers that are linked via the internet or some
other type of communication network. Server 1504 is
described in more detail below.

Referring still to FIG. 59, exemplary enterprise 1502 is
shown schematically as a set of devices and affordances but,
in reality, would typically include a set of buildings or other
associated real estate facilities that are owned or operated by
or at least used by some type of business as well as
affordances like workstations, chairs, thresholds (e.g., entry
and exit ways), whiteboards, electronic display screens,
telepresence assemblies, projectors, etc., that are located
within the facilities. Exemplary affordances in FIG. 59
include a workstation 1508, a task chair 1509, a threshold
1512 and a telepresence station 1514. While only four
affordances are shown in FIG. 59, in most cases an enter-
prise will include hundreds or even thousands of affordances
within their facilities.

Referring again to FIG. 59, enterprise 1502 also includes
a wireless network gateway 1540 that is linked to server
1504 via a network like the internet, a local area network, a
wide area network, or some other type of computing or
communications network. While only one gateway is illus-
trated, in most cases an enterprise would provide several
gateways within facilities so that robust wireless communi-
cation can occur with sensor devices, stationary and portable
employee computing devices (see 1516, 1518 and 1520 in
FIG. 59), and other computing devices at any location within
enterprise space.

Referring again to FIG. 59, third party computing systems
or software applications represented at 1522 may be linked
to the system server 1504 for providing information that can
be combined with sensed information in at least some cases
to yield more sophisticated sensing, tracking and other
results. For instance the third party systems may include
scheduling software, other types of sensors in space pro-
vided by other service providers, etc. Here, there may be a
specified format for receiving data and other information
from third party systems or server 1504 may be programmed
to examine third party data and glean required information
automatically therefrom. Server 1504 may also be pro-
grammed to provide various data and calculated results to
one or more third party systems 1522 for further processing,
archiving or presentation to one or more interested persons.

Referring again to FIG. 59, one exemplary sensor device
is shown at 1530. Device 1530 is similar to the sensor
devices 40 described above but has some additional features.
In the interest of clarity, device 1530 will be described here
in some detail. Referring also to FIG. 60, device 1530
includes a processor 1550, a transceiver 1552 (e.g., trans-
mitter/receiver), a battery or other power source 1551, a
memory or storage device 1553 and a plurality of different
sensor subassemblies or sensor components, four of which
are labelled 1554, 1556, 1558 and 1560. While shown to
have a large number of sensors, device 1530 may include
any subset of the sensors illustrated as well as other sensor
types that can be packaged in a small sensor housing. In
other words, the FIG. 60 sensors are not exhaustive and
device 1530 may include many more sensors of different
types and, in some cases, even duplicative sensors of certain
types. Unless indicated otherwise, camera sensor or camera
1559 will be considered optional and may be linked via a
connector cable or the like when needed and allowed in at
least some cases (e.g., where the sensor device is used in a
public or common space within an enterprise).
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The exemplary sensors shown in FIG. 60 include a motion
sensor 1554 (e.g., an accelerometer and/or gyroscope or
other motion sensing device), a presence sensor 1556, a
temperature sensor 1558, a light sensor, an audio sensor, an
exemplary biometrics sensor (may be any of dozens of
different types or any combination thereof including but not
limited to temperature, heart rate, blood pressure, perspira-
tion, movement, identification sensor, etc.), a weight sensor,
a technology use sensor 1560, and may include other sensor
types. While not shown in FIG. 60, device 1530 would also
include, in at least some embodiments, a clock and an
indicator (e.g., LED light device, audio output device, etc.),
similar to the components described above with respect to
FIG. 5 and sensor device 40.

While different sensor devices 1530 may have different
sensor capabilities in some embodiments, in at least some
cases, it is contemplated that each sensor in a sensing
ecosystem may be designed to have at least some standard
set of sensing capabilities where sensor functions or features
can be activated and deactivated when needed. Thus, an
exemplary sensor device 1530 may be designed to have all
of the sensing capabilities shown in FIG. 60 and more in
some cases, where processor 1550 may be programmable to
activate or deactivate any subset of the sensing functions at
any time.

There are several advantages associated with standard
multi-capable sensor devices 1530. First, it has been recog-
nized that, in many cases, device processor 1550 and trans-
ceiver 1552 represent a substantial portion of the cost
associated with a sensor device and that adding additional
sensing functionality to a sensor device represents only a
minimal additional cost while adding substantial additional
capabilities.

Second, in many cases it is believed that ecosystem
sensing requirements will evolve over time as more data is
collected and more insights into how to use that data and
other types of data evolve. For instance, a facility adminis-
trator and/or a system analyst may initially be interested in
simply counting occupants in a conference space to track the
number of people that use a space and when during the
course of each business day. In this case, it may be that
simple motion or presence sensing capabilities can yield
data useable to track occupancy number. Over time, how-
ever, as additional insights into how different data types and
subsets can be used to discern user states in a space, other
sensor capabilities may need to be activated in order to drive
the results consistent with the additional insights. For
instance, user locations, orientations, flow states, attention,
etc., may all be of interest and data needed to discern those
user states may require other sensor capabilities. By provid-
ing multi-capable and controllable sensor devices where
sensing functions can be activated and deactivated, data to
drive new insights can be obtained when needed.

Third, where only one sensor device type or a small
number of sensor device types (e.g., a first type with many
sensor capabilities but no camera and a second sensor type
with many sensor capabilities and a camera 1559 (see again
FIG. 60)) are manufactured and inventoried, manufacturing
and inventory management can be streamlined and simpli-
fied which should reduce overall costs of fitting out a sensing
ecosystem.

Fourth, where one or a small number of sensor device
types are available, installation and configuration of the
sensing ecosystem can be simplified and costs reduced.
Thus, for instance, a device installer may simply take 100
sensor devices to an enterprise space and start installing
those sensors to pre-existing space fixtures and affordances
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without regard to which sensor type is mounted to which
fixture or affordance. Because all sensors would be of the
same type, any sensor may provide functionality required at
any location within the ecosystem. Many other advantages
of multi-capable and controllable sensor devices are con-
templated.

In addition, it has been recognized that at least some
sensor components (e.g., the presence sensor 1556) on a
sensor device can be controlled or tuned differently to
control their sensing capabilities to optimally fit required
functionality. For instance, a capacitive presence sensor
1556 may be controlled so that the size of a presence sensing
field associated therewith can be adjusted (e.g., changed
from sensing within 6 inches to sensing within 3 feet). A
light sensor can be controlled to compensate for the effects
of changing ambient light throughout the course of a day or
during different seasons of a year and an audio or sound
sensor may be controlled to compensate for persistent ambi-
ent noise or sounds.

Consistent with the above, in at least some cases every
sensor device 1530 may be fully equipped with each of a
large set of sensing capabilities where device processor 1550
is programmable to turn sensing functionality on or off (e.g.,
activate and deactivate sensor components) as needed for
different sensing tasks and to control sensing parameters or
attributes (e.g., the size of a presence sensing zone, the zone
in which audio is detected, etc.) optimally for different
sensing tasks. Thus, for instance, each of 2,000 sensor
devices 1530 in an enterprise facility may be equipped to
sense 15 different parameters (e.g., light, sound, presence,
movement, etc.) where any of the 15 sensing functions can
be enabled or disabled and where sensing characteristics of
five of the sensors can be adjusted to optimize for specific
sensing tasks or to compensate for persistent ambient con-
ditions. In at least some cases, sensor functions and char-
acteristics can be set during an installation commissioning
procedure.

In at least some cases sensor functions and characteristics
can be controlled by server 1504 at any time to adjust the
functions and sensing characteristics as needed on the fly for
different sensing tasks (e.g., to generate data to drive dif-
ferent user state determinations) or to achieve different
sensing goals. Automatic adjustment of sensing attributes
may be based on any of a number of factors including but not
limited to time of day, changes in season, data sensed by
other sensors in the ecosystem (e.g., an ambient presence
sensor may be used to wake up idle sensors in a conference
space when a person is sensed by the ambient sensor),
dynamic location of the sensor (e.g., a sensor on a task chair
may be moved to various locations for temporary use and
may be reprogrammed to collect different data in different
locations to support different sensing and tracking and other
more complex functions), who is using an affordance to
which the sensor is attached or a space associated with the
sensor (e.g., some employees may want to track certain
biometric parameters and others may want to track a differ-
ent set of biometric parameters), etc.

Referring again to FIG. 59, in at least some cases each
sensor device 1530 may have a QR code 1531 or other
visually or otherwise readable code applied to an outside
surface of a sensor housing that can be used to obtain a
unique identifier (e.g., a sensor ID) that is associated with
the device 1530. A specialized code reader device or a
portable computing device (e.g., a smart phone or tablet
device 1516) that includes a camera may be used to read
sensor device codes 1531. In the alternative, the code 1531
may be an RF ID device or other ID type device. While a
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code 1531 can be used at any time to identify a specific
sensor device, the codes 1531 are particularly useful during
a sensor commissioning procedure that will be described in
detail below.

Referring still to FIG. 59, sensor devices 1530 may each
include an adhesive applied to a rear or other surface so that
the devices can be mounted to flat surfaces of any space
affordances. As shown in FIG. 59, one device is applied to
each of affordances 1508, 1509, 1512 and 1514. While a
single device is applied to each of the affordances, in some
cases two or more sensor devices 1530 may be applied to the
same affordance. Thus, for instance, four capacitive pres-
ence sensing devices may be applied along and space apart
along the front edge of a workstation tabletop so that
presence at different locations along the front edge of the top
member can be determined as opposed to general location at
the station. As another instance, first and second sensors may
be applied to a seat and a backrest of a single task chair,
respectively, where the first device is activated to sense user
weight and the second device is activated to sense user
movement, respectively.

Referring again to FIG. 59, server 1504 manages several
different ecosystem functions and runs software to perform
the functions and to interface with different people that
interact with the ecosystem in different ways. To this end,
server 1504 has access to a database or digital storage device
1536 in which various types of data and applications/
algorithms required to facilitate system functions are stored.
The data includes, among other data, a system configuration
specification that specifies sensor devices in the ecosystem
and how each of those devices is configured (e.g., types of
data sensed, interval of sensing, interval of reporting/trans-
mission of data, generally referred to as sensor settings). The
stored data also includes raw sensor data from each of the
ecosystem sensor devices 1530. The data includes observa-
tions and conclusions based on the raw sensor data. For
instance, an observation may be that, based on the raw data,
there are five employees located in a conference space at a
specific time.

A conclusion typically requires some type of synthesis in
addition to simple observations and may be based on one or
more observations as well as or in addition to a subset of raw
data and/or based on other conclusions. For instance a
conclusion may be that a specific conference room is utilized
for its intended purpose 26% of the time during a one month
period. Here, the server compares observations over the one
month period to an intended use (e.g., to be used for three
to five person meetings with telepresence link to at least one
remote conferee) to generate the exemplary conclusion.
Many other more complex observations and conclusions are
contemplated and the results are stored as data in the
database 1536.

In addition to storing observation and conclusion data,
confidence factors may be assigned to each observation
and/or conclusion that estimate or indicate how likely it is
that the observations and conclusions reflect reality. For
instance, in a case where the only data relied upon to
determine the number of employees seated in task chairs in
a conference space is motion data sensed for each chair, a
confidence factor for a seated employee number observation
may be relatively low (e.g., 2/10) as chair movement could
simply reflect one employee bumping into several empty
chairs. Here, if weight sensing in each chair were added to
the motion sensing, the ultimate observation related to
number of seated employees would have a substantially
higher confidence factor (e.g., perhaps 8/10). Unless indi-
cated otherwise, herein it will be assumed that confidence
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factors will be expressed as a number N where 10 is the
maximum value for a confidence factor (e.g., a 2 confidence
factor will indicate 2/10). Other confidence factor forms are
contemplated and the one used here is only exemplary.

Referring still to FIG. 59, in at least some cases the data
will also store anomalies that are detected within enterprise
space. Here, an anomaly may include a set of data for which
system algorithms have no way to generate an observation
or a conclusion with a confidence factor above some thresh-
old level. For instance, where sensors detect some activity in
an enterprise space but system applications and algorithms
cannot generate a reliable observation or conclusion based
thereon, an anomaly may be automatically identified and
stored in database 1536 to be examined by a system analyst.

Database 1536 also stores customer engagement data
which can be used to track how often customers or service
clients interface with the system server, which data the
clients access, how the clients use the accessed data, etc. In
addition, the customer engagement data may represent feed-
back from clients related to the data, observations and
conclusions drawn by the server and may allow a client to
suggest or render advisory observations and/or conclusions
that an analyst may consider when subsequently examining
system output. The customer engagement information may
also specify how data is packaged and presented to clients
like a space administrator that works for an enterprise.

Referring again to FIG. 59, the applications and algo-
rithms stored in database 1536 include interface applications
that provide various types of interfaces to different types of
system users at different times. In this regard, different types
of system users include an installation employee (hereinafter
“an installer”), an enterprise administrator (hereinafter “an
administrator”), a service provider analyst (hereinafter “an
analyst”) and a typical employee that uses (hereinafter “a
user”) the space and/or an enterprise affordance. In some
cases one person may have two or more of the user roles
described here. For instance, an installer may also operate as
an administrator or an installer may operate as an analyst,
etc.

An installer is a person responsible for installing sensor
devices 1530 throughout enterprise facilities and for per-
forming a sensor device commissioning procedure to instan-
tiate the sensors within the overall ecosystem. Database
1536 stores interface applications used by an installer.

The database applications may also store logic that is used
during configuration or commissioning to identify various
functions and system algorithms that could be provided for
enterprise spaces and to identify sensor placement and
configuration options that are suitable for generating data
needed to drive the various system algorithms or functions.
Thus, for instance, in a case where a space includes only one
workstation and an associated task chair, the system may
only be able to support 5 different sensing functions while
the system may be able to, if properly sensored, generate
sensor data to support 50 different sensing functions for a
conference space that includes 12 task chairs, three confer-
ence tables that can be arranged in different relative juxta-
positions, three projectors, two electronic whiteboards, three
thresholds, two lounge chairs, one sofa, etc. Here, an appli-
cation may be able to use basic enterprise space and affor-
dance data to identity all possible supportable functions and
required as well as optimized sensor placement and settings
to support all of the functions so that the server can suggest
different options to a system analyst or designer or even to
a sensor installer in some cases. In addition, the applications
may include some capability to determine confidence factors
associated with different sensor mixes and settings which
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can be presented to anyone using the system to help the users
make better sensor ecosystem design and configuration
decisions.

Once data is collected from sensor devices 1530, someone
or something has to make sense of the collected data by
making observations based on the raw sensed data and by
generating conclusions based on the raw data and/or the
observations. While sense making applications can auto-
matically perform at least some or many calculations to
generate observations and conclusions, in many cases an
analyst may get involved to confirm the observations and
conclusions at least periodically and to examine anomalies
and other data, observations, conclusions and confidence
factors to develop more observations and conclusions, elimi-
nate observations or conclusions that do not seem to make
any sense or to affirm or deny observations or conclusions in
specific cases which can cause the system server to adjust or
modify algorithms or to adjust confidence factors associated
with specific algorithms so that the overall analysis of data
for an enterprise becomes more robust and accurate over
time. Database 1536 stores interface applications for use by
an analyst and that are shown at 1545.

An administrator is typically an enterprise employee that
is responsible for facility management, making decisions
about facility affordances and space design, etc. Adminis-
trators may also provide feedback to the system server 1504
as part of the customer engagement function described
above. Database 1536 stores interface applications for use
by an administrator via a computing device like one of the
devices 1516, 1518 or 1520 as shown in FIG. 59.

A space user is simply an employee that uses an enterprise
space to perform daily work or other activities. In at least
some cases an interface may be provided for a space user
that encourages certain behavior and the type of encourage-
ment may be based on the data from the sensor devices 1530.
For instance, in a case where an administrator has decided
that she wants every employee using enterprise space to
stand periodically at their workstation for health reasons,
sensors at a user’s workstation may be used to determine
when the user is present and whether or not the user is sitting
or standing. Here, if a user sits for more than a threshold
period of time, a signal may be provided to the user via a
user interface at the workstation indicating that the user
should stand. Other interface applications are contemplated.

Referring still to FIG. 59, database 1536 also stores a
commissioning application program that is used to facilitate
sensor device installation and instantiation where device
operating features are set. Again, exemplary sensor device
operating features include enabling or disabling sensor func-
tions on a sensor device, setting sensing parameters (e.g.,
presence zone dimensions), setting sensing intervals and
data transmission intervals, etc.

In at least some cases the commissioning algorithms can
be used to reconfigure sensor devices after installation and
operation in order to activate or deactivate various functions
thereof, typically to optimize sensed data types required to
increase accuracy of observations and conclusions or to
support additional system algorithms. Thus, for instance,
where a first sensor device on a first task chair in only
initially enabled to sense motion, a system analyst or main-
tenance personnel may thereafter want to enable the tem-
perature sensor and the weight sensor included in the first
sensor device to obtain additional data for ascertaining if a
user is currently sitting in the first task chair. A commis-
sioning or reprogramming interface should enable the ana-
lyst to enable the additional sensing components and gen-
erate related data.
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In at least some cases the system server 1504 may
automatically employ a commissioning application or repro-
gramming procedure to reconfigure one or a set of the sensor
devices 1530 for some reason. For instance, where five
separate sensors are located within a specific enterprise
space such as adjacent a front surface of an electronic
whiteboard hung on a conference room wall, it may be that
presence data generated by each or at least a subset of the
sensor devices is redundant. In this case, even if all five
sensors are initially programmed to periodically transmit
presence data to server 1504, the server may recognize the
redundant nature of the data received and may automatically
reprogram one or more of the five sensor devices so that the
device(s) stops reporting presence data. As another example,
where each of 30 sensors in a conference space sense and
report out temperature, where an algorithm for the confer-
ence space only requires ambient temperature generally,
server 1504 may automatically reprogram 29 of the sensors
so that they stop sensing and reporting out temperature. By
turning off sensing and transmitting functionality, sensor
device battery power can be conserved and network traffic
can be reduced.

As another instance, server 1504 may be programmed to
automatically identify different recurring periods of a day,
days of the week or seasons during which sensing activities
can be minimized or reduced through sensor device re-
programming. For instance, each day between 7 PM and 6
AM it may be that essentially no one is located in an
enterprise facility. In this case, if a sensor was initially
programmed to sense motion and transmit motion data for a
chair in the facility every second, after the server recognizes
that no motion occurs at night over some threshold number
of days, the server may automatically reprogram the sensors
to only sense motion between 6 AM and 7 PM to reduce
battery power consumption.

As one other instance, server 1504 may be programmed
to automatically determine when an algorithm requires
additional data from an existing sensor device within a space
to support the algorithm. For instance, assume that a sensor
device already exists within a single threshold into a first
conference space and has been commissioned to detect only
light intensity and generate associated light intensity data.
Here, assume that an analyst decides that she also wants to
set up the ecosystem to track number of employees in the
first conference space at all times. Here, if the analyst
indicates the new employee counting process, server 1504
may automatically reprogram the threshold sensor to sense
presence or motion or temperature, etc., to generate data to
feed an employee counting algorithm.

Database 1536 also stores sense making applications. A
sense making application is a program that accesses raw
sensor data in the database 1536 and generates observations
and, in some cases, conclusions, automatically based on the
raw data. In at least some cases a sense making application
may also generate observations based on other observations
or based on a combination of observations and raw data. In
at least some cases a sense making application may also
generate conclusions based on other conclusions, based on
observations or based on raw data or based on any combi-
nation of raw data and observations and other conclusions.
In many cases the output of the sense making applications is
fed to the interface applications to drive the information that
is presented to the different types of employees (e.g., ana-
lysts, administrators, installers, and users) that use the over-
all system.

Database 1536 further includes algorithm managing
applications in at least some embodiments. As alluded to
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above, it has been recognized that as a sensing and tracking
ecosystem is employed in an enterprise space, an analyst
may be able to develop many additional and useful insights
into observations and conclusions that can be drawn from
sensed data. Here, it would be particularly useful for the
analyst to be able to capture those insights in a meaningful
way which can, in at least some cases, immediately affect
how the overall ecosystem operates and the observations and
conclusions that can be automatically generated based on
sensed data. For instance, where a first algorithm generates
output indicating a user sitting in a chair based on motion
data from a first sensor device, an analyst may recognize that
a sitting user can be more accurately identified by using both
weight data and motion data from a single sensor device.
Where both weight and motion data are already available,
server 1504 may enable the analyst to manage the system to
recognize a sitting user using both weight and motion data.
While this is a simple example, the point here is that the
algorithms and applications can, effectively, develop or
progress over time and use to become smarter and more
robust based on analyst input and via the algorithm manag-
ing application.

B. System Operation and Operating Interfaces

Referring again to FIG. 59, the system server 1504
performs, among others, several general functions using the
data and applications stored in the database including device
management as indicated at block 1534, customer engage-
ment management as indicated at block 1538 and sense
making as indicate at block 1540. Device management
relates to sensor device commissioning, obtaining and stor-
ing data from the sensor devices, and reprogramming the
sensor devices when needed.

Customer engagement management relates to managing
communications between the server 1504 and customers or
clients like, for instance, an enterprise administrator. Here,
the idea is to present useful information to a client and, in at
least some cases, the information may be manifest in two
different ways including a dashboard tool generated by a
dashboard engine 1542 and reports generated by a report
engine 1544.

A dashboard typically includes one or a series of appli-
cation output screens that present current status of the
overall sensing and tracking system to a client. For instance,
in some cases a dashboard may include a very simple
summary output of current system status on a single display
screen and may be accessible via a client’s computer
browser or some other type of interface device. As another
instance, in some cases a dashboard may be more complex
and allow a client to drill down into current data to see how
that data has been generated, to assess confidence levels in
observations and conclusions presented by the dashboard,
etc.

In at least some cases the dashboard will also enable a
client to provide feedback to the system that the server 1504
can memorialize for subsequent consideration by a system
analyst. For instance, a client may, when reviewing a dash-
board, identify some other event of interest that the client
would like to have tracked such as, for instance, how often
two employees are located at an electronic whiteboard at the
same time or how often multiple whiteboards in the same
conference space are used at the same time which may
operate as telltale signs that employees are collaborating or
are working in small groups, respectively.

An exemplary dashboard interface is shown in FIG. 61 at
1680. The dashboard is shown in a simplified form and, in
most cases, would be much more graphical in nature,
highlighting certain aspects for client consideration more
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readily and, perhaps, presenting other information for access
on screen shots retrievable via hyperlinks or some other drill
down interface tool (e.g., drop down menus). The dashboard
is shown in a tabular format in the interest of simplifying this
explanation. The exemplary dashboard 1680 includes a
separate section for each space within an enterprise facility
where first and second space sections are indicated by
numerals 1682 and 1684. The first space is a Conference
Room A 1 and the related dashboard information includes
raw data, automated current session observations and auto-
mated persistent observations.

Referring still to FIG. 61, exemplary raw data 1686
includes data for at least a subset of affordances in the first
space where a list of affordances in the first space are shown
at 1688. A separate list of sensed characteristics for each
affordance in column 1688 is presented in a sensed charac-
teristics column 1690. For instance, for a chair XX.1 in the
first space, the sensed characteristics include temperature,
motion and sound and for a whiteboard WB2, the sensed
characteristics include motion, number (e.g., persons adja-
cent whiteboard), sound and tech use (e.g., is the whiteboard
currently in use). A column 1692 presents values for each
sensed characteristic in column 1690.

Referring again to FIG. 61, a set of current session
observations or user states for space 1682 is presented in
tabular form at 1694 and a set of general observations is
presented at 1696. Here, current observations include obser-
vations automatically generated by the system server 1504
running algorithms that process current session raw data
(e.g., data collected during a recent period such as during a
current meeting that is occurring in the first space) while
general observations include observations generated by the
server that correspond to longer periods of time such as, for
instance, a week, a month, a 3 month period, etc. Again,
observations are typically simple summaries of or simple
conclusions related to subsets of the raw data as opposed to
more complex synthesis of conclusions drawn from data and
observations. While not shown, in at least some embodi-
ments conclusions may also be provided via a client dash-
board where the conclusions are either automatically gen-
erated via system applications or algorithms or where at
least a subset of the conclusions are generated by a system
analyst after the analyst considers data, observations and
perhaps other conclusions. Also, while not shown, the dash-
board may also present data, observations and conclusions
associated with an entire facility or all facilities associated
with a specific enterprise.

Referring again to FIG. 59, report engine 1544 generates
more detailed reports about space and affordance use over
extended periods like, for instance, a week, a month, a year,
etc., that may include a mix of raw data, observations and
conclusions based on the raw data and observations. In at
least some cases conclusions will include prescriptive advice
regarding optimal space and affordance updates, optimal
changes to overall space layout and other information. For
instance, here, a report may include a recommendation to
replace old or dated task chairs in a first conference space if
the first space is underperforming in relation to other spaces
that have up to date seating affordances. As another instance,
a report may recommend reconfiguration of an overall floor
plan to add an additional coffee break station in the middle
of a workstation space in order to increase overall level of
activity and energy in that space generally. Many other
recommendations may be generated.

An exemplary report 1780 is illustrated in FIG. 62 and
includes various information including information related
to an overall enterprise facility at 1782 and information
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related to specific facility spaces at, for instance, 1784 and
1786. Many other data, observations and conclusions/rec-
ommendation types may be presented via a report. Here, the
idea is that periodically or on a scheduled basis, a system
analyst may examine facility data, observations and auto-
mated conclusions and may draw other conclusions and
insights which may be captured and presented to a client in
a more formal report which includes more prescriptive
information than a typical dashboard. The exemplary report
includes overall scores for a facility for a specified period
(e.g., a prior month) as well as conclusions and observations.
The report also includes separate information for each of
various independent facility spaces. In many cases the
presented information may be highlighted to indicate hyper-
links to more detailed information related to specific attri-
bute values. For instance, see that a user has selected the
overall score 6/10 for Conference Room A 1 at 1790 which
causes the server to present a graphical representation of the
use of the space at 1792. A “Log Comment” button is
presented at 1788 that may be selected by a client to log a
comment (e.g., indicate other interesting things the client
would like to track) for consideration by an analyst.

Referring again to FIG. 59, sense making includes two
concepts. First, sense making relates to making sense of data
already collected and observations automatically made by
the system server. Second, sense making relates to changing
the system to generate better data that can result in more
robust and reliable results and changing the system to use
data differently in automated algorithms. Regarding making
sense of already collected data, the system presents one or
more analyst interface/R&D tools 1545 for use by a system
analyst that allow the analyst to view data and automated
observations and conclusions and to confirm the observa-
tions and conclusions or to reject those observations and
conclusions. Where the server assigns confidence factors to
observations and conclusions and an analyst confirms an
observation or conclusion, the system may automatically
increase the confidence factor associated therewith so that
future observations and conclusions based on the same
algorithm or software application are automatically recog-
nized as more reliable (e.g., have a higher confidence factor
assigned). In a similar fashion, the system may automati-
cally decrease the confidence factor associated with an
observation or conclusion so that future observations and
conclusions based on the same algorithm or application are
automatically recognized as less reliable.

Interfaces presented to an analyst may be similar to the
interfaces presented to a client, except that the analyst
interfaces may include tools for an analyst to reject or accept
observations and/or conclusions. To this end, for instance,
see FIG. 63 that shows a dashboard type interface that may
be presented to an analyst where the dashboard includes, in
addition to the information shown in FIG. 61 (e.g., the
client’s dashboard), a set of conclusions at 1698 and, for
each current session observation or general observation or
conclusion, a separate “Reject” button that is selectable to
reject the associated observation or conclusion. In the illus-
trated case, if an observation or conclusion is not rejected, it
is assumed that the analyst accepts the observation or
conclusion.

In at least some cases it is also contemplated that the
system will facilitate an analyst adding additional observa-
tions and/or conclusions to the system. To this end, it has
been recognized that, in many case, as an analyst views raw
data, observations and in some cases also rendered conclu-
sions, the analyst may identify other observations of interest
or conclusions that can be drawn from the analyzed infor-
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mation. For instance, where a 12 person conference space is
used 90% of a typical working day but only has an average
of 2 people in the conference space during the day, one
conclusion may be that at least one and perhaps more three
to four person conference spaces should be built out because
it is likely that other small group meetings are not being had
in conference spaces due to overbooking. Here, recognizing
the overbooking condition, the analyst may prescribe a
conclusion that more small conference spaces should be
built out.

Referring again to FIG. 63, to enable an analyst to create
a new observation or conclusion, the analyst dashboard
includes “Add Observation” and “Add Conclusion” buttons
1700 and 1702, respectively. When one of the buttons 1700
and 1702 is selected, a window opens up to provide tools for
the analyst to enter a new conclusion. For instance, see in
FIG. 64 that when the Add Conclusion button is selected, a
window 1710 opens up that provides instructions to an
analyst to enter a new observation or conclusion to be stored
with the data, observations and other conclusions for Con-
ference Room A 1. The window 1710 includes a field for
entering the new conclusion as well as a “Submit” button for
submitting the new conclusion to the system for storage. In
at least some cases, when a new conclusion or observation
is submitted, server 1504 may simply store the new conclu-
sion as part of the data record to be presented to a client upon
accessing a client dashboard or report and for subsequent
access by the analyst. Here, the new conclusion may simply
be stored and may not affect subsequent operation of the
overall system in the sense that the conclusion may not be
automatically drawn by a system application for similar
conditions in the future.

In other cases, when an analyst enters a new conclusion
or observation, the system may automatically query the
analyst for data, observations or other conclusions that
support the new conclusion or that justify the new conclu-
sion so that a new algorithm for generating the conclusion
can be specified for automatic subsequent use by the server.
For example, if, upon reviewing raw data, the analyst
decided that two observations based on the raw data support
the new conclusion, the analyst would be able to identify the
two conclusions as well as threshold values related to the
conclusions that should be met to generate the new conclu-
sion in the future. To this end, see FIG. 65 which may be
presented to the analyst when the new conclusion is sub-
mitted in FIG. 64.

In FIG. 65, the new conclusion is represented in field 1722
and instructions for selecting the data, observations, etc.,
that support the new conclusion are presented at 1720. The
exemplary instructions indicate that the analyst should select
the data, observations, etc., from the report that support the
new conclusion and, here, it may be that when data is
selected, the selected data is highlighted (see 1724, 1726)
within the report to help the analyst keep track of selected
supporting information.

In some cases, when specific data, observations, etc., are
selected, values associated with the specific conditions rep-
resented by the report may be used as requirements to
generate the new conclusions. For instance, in FIG. 65,
values include 70% and 88% whiteboard use and electronic
whiteboard use, respectively and in that case, the 70% and
88% values may serve as requirements for the new conclu-
sion in field 1722 to be rendered. In other cases the values
70% and 88% may be used as lower or upper thresholds for
use in the justifying algorithm (e.g., the whiteboard use has
to be 70% of the time or more and the electronic whiteboard
use has to be 88% of the time or more).
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In still other cases after data types, observation types, etc.,
that justify a new conclusion are indicates in FIG. 65 and the
selections are submitted, the server may query the analyst
for the justifying value thresholds for each data type asso-
ciated with the new conclusion. To this end, see FIG. 66
where a window for specifying justifying thresholds for
whiteboard use and electronic whiteboard use are shown at
1732 and 1734 along with instructions for selecting the
thresholds. As shown, in at least some cases initial settings
for the selected data or observations may reflect values from
the report (see again 66). Here, an analyst may be able to
select the setting and slide the setting left or right to change
the selected threshold value. The analyst then selects the
submit button to submit the selections to the server for
creation of a new algorithm for rendering the associated
conclusion.

Once the conclusion, supporting data, observations and
threshold values have been specified, in at least some cases
the system may query the user as to how the new conclusion
and associated application should be applied. To this end,
see FIG. 67 where instructions are presented at 1742 and
where options for applying the new conclusion are presented
as selectable buttons at 1744, 1746, etc. As shown, appli-
cation options include applying the new rule to only Con-
ference Space A 1, all conference spaces like Conference
Space A 1, all facility conference spaces, etc. Here, for
instance, if the new algorithm for the new conclusion is to
be applied to only space A 1, the new algorithm would be
applied to space A 1 from that point on and the conclusion
would be presented in records and dashboards for space A 1
any time the thresholds specified by the algorithm are met.
Where the algorithm is to be applied for all spaces that are
like space A1, if there is a comparable space that is sensored
in the same way as the space A 1 or in a way where the
algorithm can be at least substantially applied, the algorithm
would be applied for that type of space in addition to space
A 1. See FIG. 68 where the new conclusion has been added
to the analyst’s dashboard at 1756.

In at least some cases an analyst may be able to use a
dashboard to access and modify an existing algorithm or
application that yields an observation or a conclusion. To
this end, see FIG. 68 where an analyst has selected an
existing observation which is shown highlighted at 1750 and
where the server 1504 opens up a justification window 1752
and presents justification for the observation in a field 1754.
While only shown textually, it is contemplated that the data
and observations and associated values that make up the
rule/algorithm that yielded the selected observation at 1750
would be presented in field 1754. In addition, it is contem-
plated that an analyst may modity the justification algorithm
within the field 1754 in some way. For instance, tools for
changing data or other observations that are included in the
algorithm may be presented as well as tools for changing
thresholds or other values that are factored into the algo-
rithm. Thus, an analyst can confirm or reject observations
and conclusions, can create new observations and conclu-
sions and associated algorithms and applications, and can
modify existing conclusions, observations and associated
algorithms and applications using the analyst interface.

C. Commissioning Procedure

As described briefly above with respect to FIG. 59, in at
least some embodiments the system server 1504 may run a
commissioning application program to help an ecosystem
installer place and configure sensor devices 1530 throughout
enterprise space in an optimized fashion. To this end, it has
been recognized that there may be several different algo-
rithms based on different sensed conditions in space that can
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be used to render observations where, while several algo-
rithms render the exact same observation or very similar
observations (e.g., occupancy count is 9 or that four employ-
ees in a space are participating in a single employee pre-
sentation as opposed to egalitarian content generation, etc.),
the confidence factors associated with each rendering may
be substantially different. For instance, in a simple case a
simple algorithm may track motion through an egress into a
conference space to count number of occupants in that space
while a more complex algorithm may track task seat move-
ment of each of 12 chairs in the space as well as movement
through the egress to generate a more reliable occupant
count. In this case, one motion sensor in a threshold can
yield the less reliable count whereas 13 or more sensors, one
in the threshold and 12 or more on the chairs would be
required to yield the more reliable count. Several other more
complex algorithms that require data from many more
sensors may be able to generate even more reliable occupant
count data for the space.

Thus, it has been recognized that, in at least some cases,
where certain sensing functions or tasks have been
expressed for an entire enterprise space or for each of a
subset or all independent enterprise spaces, the system
server may generate and store a sensor configuration speci-
fication that includes a minimum sensor placement (herein-
after a “MinSP”’) map as well as a maximum sensor place-
ment (hereinafter a “MaxSP”’) map, each indicating sensor
placements and how each sensor should be configured
including parameters that should be sensed and when sens-
ing should occur (e.g., intervals) and transmission intervals
for transmitting the data to the server. Here, the MinSP map
indicates the minimum sensor placements required, typically
to support the least reliable algorithms and the MaxSP map
indicates the maximum sensor placements required, typi-
cally to support the most reliable algorithms. Here, while a
MaxSP map is contemplated, an installer would typically be
free to install additional sensors in a space to provide
redundancy when needed or desired for some reason. Where
redundant sensor devices are installed, the system server
may simply ignore data received from a redundant sensor or
may control the redundant sensors to effectively turn those
sensors off to conserve battery power until needed.

During sensor installation, in each enterprise space, the
system server 1504 may present clear instructions to guide
an installer to install the optimal number of sensor devices
according to the MaxSP map. In the alternative, the server
may enable the installer to determine the number of sensor
devices to install with the caveat that at least the devices
specified in the MinSP map be installed and instantiated.
Where there are intermediately reliable algorithms that
achieve the user state sensing and tracking requirements for
a space, the system may also present the installer with other
sensor placement options that require an intermediate num-
ber of sensor devices assuming the installer continues to
indicate a desire to install additional sensors in a space.

Referring now to FIG. 69, a sensor and sensor system
commissioning process 1683 that is consistent with at least
some embodiments and aspects of the present disclosure is
illustrated. At the beginning of the process, at block 1685,
application programs and a sensor map specification for a
sensing ecosystem are stored in a system database 1536 (see
again FIG. 59). Here, as described above, in at least some
cases it is contemplated that the system server 1504 may be
programmed to automatically examine enterprise spaces and
affordances located within those space and to identify sens-
ing, tracking and other more complex statistical functions
that may be associated with each space. Here, enterprise
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space defining data may be obtained from some other
software application or a space specifying system that
indicates space layouts as well as affordance placements
within the spaces. The server would use a function/sensor
requirements specification to identify all functions that can
be performed for each space/affordance arrangement. Then,
for each space and associated possible functions, the server
may be programmed to generate MinSP and MaxSP sensor
requirements including sensor placements and sensor pro-
gramming required for each function. The MinSP and
MaxSP specifications may then be stored at 1685.

For example, in the case of a conference room that
includes a single conference table, ten task chairs typically
arranged about the table, one electronic whiteboard and a
projector supported on a credenza, a set of ecosystem
defining rules may be used to identify 15 different sensing
functions that make sense in that specifically afforded envi-
ronment. Then, for each of the 15 functions, there may be
four different sensing algorithms that yield the same or a
similar result where each algorithm that yields a similar
result requires data from a different set of sensor devices or
a differently enabled set of sensor devices, some algorithms
requiring more data and some requiring less data or sensor
points. Here, a MinSP for each function may be identified
and a MaxSP for each function may be identified. Then, as
functions are enabled within a space, an analyst, adminis-
trator or installer would have the option to configure and
instantiate or program at least the MinSP sensor set and
attribute requirements, or the MaxSP sensor set and attribute
requirements, or either of the other two sensor sets and
attribute requirements associated with the other two of the
four algorithms associated with each function. Where, for
instance, 10 of the fifteen different possible sensing func-
tions are enabled for a space, a cross section of the sensor
sets and related attribute requirements needed for each of the
10 functions would be identified and used to specify MaxSP
and MinSP requirements to support the 10 functions. Here,
for each of the 10 functions to be supported by the sensing
ecosystem, a user (e.g., installer, administrator, analyst, etc.)
may select any of the possible four algorithms to yield
results. For instance, MinSP requirements may be specified
for five of the 10 supported functions while MaxSP require-
ments are specified for two of the 10 supported functions and
other intermediately complex sensor placement and attribute
configuration requirements may be specified for the remain-
ing three of the 10 functions to be supported.

In the alternative, a programmer or ecosystem analyst
may be able to specify space functions and sensor require-
ments in a more manual way by, for instance, accessing an
enterprise space map, using a programming tool to generate
functional algorithms that require sensor data from the space
and then specifying sensors, sensor placements and sensor
settings for the space that are required to drive the algo-
rithms. In still other cases a server 1504 may be programmed
to perform a hybrid sensor map specifying process whereby
the server generates initial maps based on prior developed
functional algorithms and space and affordance specifica-
tions where a programmer can then change sensor place-
ments and attribute settings as preferred.

Herein, it will be assumed that a sensor installer (e.g., an
employee charged with installing and commissioning sens-
ing devices within a sensing ecosystem) uses a portable
personal computing device to perform the installation and
commissioning processes. The installer’s portable device
may, for instance, include a laptop computer, a tablet type
computing device, a smart phone, a smart watch, or other
wearable device, or other types of portable computing
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devices and, in at least some embodiments, will be equipped
with a wireless transceiver, a processor, a memory, a camera
and/or other data collection device that can be used during
the commissioning process. Unless indicated otherwise,
hereafter the installer’s device will be described as a tablet
type computing device like an iPad or similar device in the
interest of simplifying this explanation. To this end, see the
exemplary installer’s tablet type device 1516 shown in FIG.
70.

Referring again to FIG. 69, an installer may take a supply
of sensor devices to an enterprise space with the intention of
installing sensors in that space. Here, the space may already
include a set of installed sensor devices or may not yet
include any installed devices. When the installer arrives in
the enterprise space in which she intends to install a sensor
device at block 1687, she accesses a sensor device installa-
tion application on her device 1516 and uses the device 1516
to read a tag on one of the sensors at 1689. Here, the tag may
take any form including a passive bar code, dot matrix code
or other passive type tag that is machine readable or may
include an active tag or identifier like an RF ID tag placed
on the outside of the sensor device that can be interrogated
by the installer’s device. In the alternative, as the sensor
device includes a processor, a transmitter and a memory, the
tag may take the form of identifying data stored in the sensor
memory device that can be transmitted upon interrogation
by the installer’s device 1516. In any event, the installer
reads the sensor identifying tag data using her device or
otherwise enters sensor identifying information (e.g., an ID
number that may appear in human readable form on an
exterior surface of the sensor housing).

At 1691, the system server 1504 performs a wireless
signal triangulation method (e.g., using strengths of signals
from wireless access points within the enterprise space
proximate device 1516) or some other process to identify the
location of the installer’s device within one of the enterprise
space (e.g., within a specific conference room). At 1693, the
server identifies sensors on the map specification for the
space occupied by the installer that have yet to be installed
and, perhaps, locations of already installed sensors. At 1695,
server 1504 presents a commissioning interface on the
installer’s device that graphically shows a map of the
installer’s current location and that indicates sensors in that
location that still have to be installed.

An exemplary simplified top plan view of a map for an
enterprise space is shown as part of an installer’s interface
1580 in FIG. 70. The exemplary installer’s interface
includes information indicating the installer’s current loca-
tion within the enterprise as well as instructions for initiating
a sensor commissioning process at 1582. The exemplary
information indicates that the installer is currently located in
Conference Room A 1 and instructs the installer to select an
affordance on the map to which the sensor being installed is
to be attached. The top plan view map at 1584 may include
indications of sensors that have already been installed in the
space as well sensors that, based on existing algorithms that
could be or are associated with the space, could be added to
or enhanced for the space. For instance, see in FIG. 70 that
two icons 1588 and 1589 are shown as already installed
sensors, one associated with a threshold entry into the space
and the other associated with a credenza that supports a
projector that is located within the space. See also that
phantom boxes 1590, 1591, 1593 and 1595 are presented on
the map 1584 to indicate other affordances and locations
within the illustrated space at which sensors can or should be
installed to support system algorithms. The boxes include a
separate box associated with each of ten task chairs located
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in the space, two of which are labeled 1590, a box associated
with a conference table at 1591, a box associated with a
second threshold into the space at 1593 and another box
associated with a whiteboard at 1595.

In at least some cases affordances that sensors can be
attached to may be moveable such as, for instance, in the
case of a chair or a cart mounted display screen or telep-
resence system. In these cases, the portable affordances may
simply be shown in default positions on the space map 1584
such as, for instance in the case of a task chair, a default
location adjacent the edge of a conference table, despite the
chair being at some other location (e.g., stored against a
wall) in the space. Default locations may be required as, in
many cases, the system will not track exact locations of
moveable resources in enterprise space and therefore there
would be no way for the system to determine exact affor-
dance positions. Here, the system may simply track number
of chairs in the mapped space in some fashion so that the
affordance representations on the map can be accurate in
number.

In other cases it may be that specific chair positions as
well as the positions of other mobile affordances within an
enterprise space can be determined by the system server and
therefore the interface may present a top plan view of the
map that shows the chairs and other mobile affordances in
their instantaneous positions within the mapped space. In
some cases the position of the installer in the mapped space
may also be indicated on the interface. Here, as the installer
moves toward a chair or other affordance within the space
with the intention of installing a sensor device, the installer
observes the indication of her location on the mapped space
moving toward the chair and therefore has a sense of which
chair on the mapped space she is near.

As described above confidence factors may be assigned to
function or algorithm results and, in at least some cases,
confidence factor values will be affected by the number and
types (e.g., what each sensor is sensing) of sensors installed
within a space and sensor settings. For instance, simple
threshold motion sensors may generate space occupant
counts having a relatively low confidence factor but when
combined with motion and weight sensing in each task chair
in a space the occupant count confidence factor may be
substantially higher. In at least some cases the installer’s
interface will include expected confidence factor informa-
tion based on currently installed and instantiated sensors
within the space occupied by the installer. For instance, see
in FIG. 70 that occupant count and technology use confi-
dence factors or expected factors are presented in labelled
fields 1601 and 1603, respectively. As shown, the factors are
relatively low at the instant presented which should be
expected as only a small number of sensors (e.g., 1588,
1589) have been installed in the space and many others are
suggested by the phantom boxes.

Referring still to FIG. 70, in at least some cases it is
contemplated that the server will be able to assess how each
additional sensor would affect each of the calculated confi-
dence factors and may use that information to provide
configuration feedback or guidance to the installer. For
instance, in some cases if an installer touches one of the
affordances within one of the phantom boxes on interface
1580 in FIG. 70, the interface may indicate how installation
of a sensor on that affordance is expected to change each of
the confidence factors in fields 1601 and 1603. In some cases
the confidence factor values in the fields 1601 and 1603 may
be changed temporarily to reflect how addition of the sensor
would affect the values and once the installer stops touching
the affordance box, the factor value would revert back to its
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prior value. In other cases when the installer touches one of
the phantom boxes associated with an affordance, a pop up
window may be opened to indicate the effect that an asso-
ciated sensor installation would have on the confidence
factors. To this end, see the exemplary pop up window
shown at 1605 in FIG. 70 that shows CF values that should
result after a second threshold sensor is installed.

In some cases the system server may track which unin-
stalled sensor on the presented space map would have the
greatest impact on CF values or other metrics associated
with system functions and may provide guided sensor instal-
lation information to the installer to encourage the installer
to install the most impactful sensors first followed by less
impactful sensors. Thus, for instance, referring again to FIG.
70, clearly a second threshold sensor at affordance 1593
would have a greater effect on occupancy count sensing than
a single task chair sensor and therefore, if occupancy sensing
was the only function to perform for a space, the system may
visually distinguish affordance 1593 from all other affor-
dances on the map to encourage an ordered installation of
the sensors. In other cases the server may simply not present
the other affordances to be sensored until after a most
impactful sensor has been installed.

In addition to indicating installed sensors and also affor-
dances on which other sensors can be installed per the
MinSP and MaxSP requirements, sensors required to meet
the MinSP requirements that are installed and/or affordances
to which additional sensors may be attached may be visually
distinguished on the map from other sensors and affor-
dances. For instance, again referring to FIG. 70, the box
1593 and the box 1595 are shown left up to right cross
hatched to indicate that those boxes are visually distin-
guished (e.g., highlighted or in some other fashion) to
convey that additional sensors need to be installed on the
second threshold and the whiteboard to meet the MinSP
requirements specified for the space. Similarly, the already
installed sensor at the first threshold at 1588 is shown
highlighted by a left up to right crosshatched box to indicate
that that sensor is also required to meet the MinSP require-
ments. The interface 1580 includes an exit icon 1592 and a
submit icon 1594.

Referring still to FIG. 70, the installer may select any of
the affordances highlighted by a phantom box on the map
1584 to indicate an affordance to which the sensor device
associated with the tag that was read at 1689 is to be
attached. Upon selecting submit 1594, the installer’s selec-
tion is provided to server 1504. Referring also to FIG. 69, at
block 1697 the server monitors for a sensor or affordance
selection.

In other cases it is contemplated that each affordance or at
least a subset of the affordances in a space may include an
RF or other identification tag that may be interrogated using
the installer’s device 1516 to associate the affordance with
a sensor during the commissioning process. For instance,
here, after reading a sensor ID with the installer’s device, the
system may instruct the installer to take a picture of a dot
matrix identification code that appears on an affordance
using her device where taking the picture of the code suffices
to indicate installer selection of the affordance with the
sensor device. Here, the affordance codes would be unique
and the server 1504 would track affordances to which
sensors may, or should still be attached and which have
already been sensored. Where the code of an already sen-
sored affordance is imaged by the installer, the server may
simply indicate that there is no need to install another sensor
on the affordance and direct the installer to read a code from
a different affordance.
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In still other cases it is contemplated that where the server
can identify exact locations of affordances in a mapped
space as well as the location of an installer’s portable device
including its orientation in space, an augmented reality (AR)
interface may be presented to the installer to help the
installer associate a sensor with a specific affordance as well
as to provide sensor mounting guidance. To this end, see, for
instance, FIG. 75 where an installer’s device uses a device
camera (not shown but on the oppositely facing surface of
the device 1516) to generate real time video of a conference
space to be presented in an AR interface and, more specifi-
cally, to generate video of a plurality of chairs within a field
of view of the camera. Here, the interface provides an
aiming icon 2002 centrally within a video window to help
the installer aim the camera at specific locations in the space.

In the AR interface case, the server may augment the
video image presented to the installer by indicating affor-
dances that are already sensored and affordances to which at
least one additional sensor should or could be installed. In
FIG. 75, affordances to which at least one more sensor can
or should be added are shown in double diagonal cross hatch
(see the chair labeled 2006) and chairs that are fully sensored
are indicated by left up to right cross hatching at 2008 and
2010. A chair that is currently targeted by aiming icon at
2012 is visually distinguished. In the present example it is
assumed that a sensor can or should still be added to chair
2012 and therefore, prior to targeting, that chair would have
been highlighted or otherwise distinguished in the same
fashion as the double cross hatched chair at 2006. As shown
in FIG. 75, once a chair to which at least one additional
sensor can be attached is targeted, a pop up window 2012
may be presented to instruct the user on how to select the
chair (e.g., by selecting the submit button). Similarly, if the
installer targets a chair that is already sensored, a pop up
window would instruct the installer to select a different
affordance to receive the next sensor.

Referring again to FIG. 69, once the installer selects an
affordance or sensor at 1697, server 1504 provides instruc-
tions to the installer via the installer’s device to guide the
installer on where to attach the sensor device to the selected
affordance, optimal orientation of the sensor, etc. Here,
while the sensor devices may be similar in construction and
capabilities, in many cases there may be optimal locations
and orientations for the sensors based on the affordances to
which they are attached and based on the sensing, tracking
and other statistical functions to be performed with the data
obtained by the sensors. For example, optimal sensor place-
ment on a chair may depend on whether or not data from the
sensor is required to detect user proximity or to detect each
of proximity, weight, fidgetiness and heart rate. Other func-
tional subsets that need to be driven by data from the chair
attached sensor may require a different optimal sensor
placement on the chair.

Referring again to FIG. 70, if a user selects a task chair
from the options presented in phantom boxes, device 1516
may present an interface screen 1600 as shown in FIG. 71
with instructions 1602 to attach the sensor to the selected
chair as illustrated and an image of the chair at 1604 where
the location at which to optimally attach the sensor based on
the data that is required to support sensing and tracking and
other functions in the space is highlighted or otherwise
indicated as shown at 1606. A Back icon 1608 and a Sensor
Attached icon 1610 are also presented to allow the installer
to move back to the prior interface (see again FIG. 70) or
forward within the commissioning process.

In the case of an AR interface, after a chair is selected for
receiving a sensor, the installer may continue to target the
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chair for video generation and the interface may present a
highlighted representation of the sensor at the optimal or
preferred installation location on the chair as it appears in the
video. Here, the user would simply install the sensor at the
indicated location. After the sensor is installed, a subsequent
video of the installed sensor on the chair may be obtained as
part of a confirmation process where the video would be
transmitted to the system server and evaluated to make sure
that the sensor is properly installed. Any problems with
sensor position or orientation with respect to the chair or
other supporting affordance could be detected and conveyed
to the installer so that the installer has the opportunity to
reposition or reorient the sensor device.

Referring again to FIGS. 69 and 71, once the sensor is
attached to the chair and icon 1610 is selected at decision
block 1713, control passes to block 1717 in at least some
embodiments, where the server, in at least some cases, next
presets sensor settings for consideration by the installer.
Referring also to FIG. 72, an interface screen is shown at
1620 that includes instructions at 1622, an image of the type
of affordance to which the sensor was attached in a prior
commissioning step at 1621, and a list of sensor setting
options at 1624, 1630 and 1636. The sensor setting options
include a list of environmental attributes that may be sensed
at 1624 and interval type settings related to a sensing interval
and a data transmitting interval at 1630 and 1636, respec-
tively.

Exemplary attributes list 1624 includes temperature (e.g.,
ambient or affordance surface, etc.), motion, presence,
sound, light, weight and technology use (e.g., whether or not
a device (e.g. a projector, a telepresence system, etc.) is
turned on, is operating, the state of the device, etc.). In at
least some cases, based on the predefined sensing, tracking
and other functions specified by the application programs
associated with the space (e.g., as specified in block 1685 in
FIG. 69), default attribute values may be automatically
preset when the installer is presented with interface 1620 as
indicated by the left down to right cross hatching of one field
(e.g., “Yes” or “No”) for each attribute in the list 1624. Here,
an installer may be free to change the presets by selecting the
other option via touch. In some cases, the presets may
represent optimized attribute sensing states where the other
optional state can be selected and still yield data sufficient to
drive all pre-specified functions for the space, albeit in some
cases with a reduced confidence factor value. In at least
some cases default values may be required to drive pre-
specified functions and, in that case, the non-default state
may be shown but visually distinguished to indicate that the
installer has no choice to select that state. To this end, in FIG.
72 see that the “No” option corresponding to the Sound
attribute is double diagonal cross hatched at 1629 to indicate
that the No Sound sensing state cannot be selected.

Referring still to FIG. 72, an interval duration range line
1632 and associated selection field/arrow icon 1634 are
provided adjacent the sensing interval label at 1630 where
icon 1634 can be selected and moved along the range line to
select a sensing interval for the sensor device being com-
missioned. Similarly, a range line and field/arrow icon 1638
and 1640 are provided adjacent the transmitting interval
label 1636. In some cases the intervals selected via icons
1634 and 1640 may be preset to default values. In any case,
an installer can change the intervals by selecting and sliding
the icons 1634 and 1640 along the lines.

While not shown, more complex attribute selection
options and tools are contemplated. For instance, in at least
some cases different sensing and transmitting intervals could
be specified for each attribute in the list 1624. For example,
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ambient temperature may only need to be sensed and
updated every 20 minutes while motion or sound may need
to be sensed every second for certain system functions.

While the example here is described as presenting sensor
attributes to an installer for consideration and possible
change, in many cases the sensor settings for a given sensor
in a sensing ecosystem will be completely specified for the
functions that the data will be used for. In this case, it may
be that the server does not present any opportunity for the
installer to change sensor attribute states or other parameters
and therefore the attribute interface shown in FIG. 72 may
simply not be presented or, instead, an interface that simply
indicates sensor attribute states (e.g., sensor capabilities that
are activated as well as sensing and transmitting interval) in
a summary fashion may be presented.

After the installer confirms or sets attribute values/states
and submits those to the system server, as indicated at 1719
in FIG. 69, server 1504 may instruct the installer to perform
some sensor test to confirm proper operation of the just
installed sensor device. Here, the idea is that the installer
may perform scripted activities in the vicinity of the sensor
device or at least that should be sensed by the sensor device
and the device should sense those activities and generate
data that the server can use to determine if the sensor is
operating properly. For instance, in the case of a task chair
where a sensor is supposed to sense weight, presence and
movement, an interface like the one shown in FIG. 73 at
1650 may be presented that presents a test time or count-
down clock at 1652 and instructions for the installer to sit in
the chair, move in the chair, and make a phone call as
indicated at 1654.

At 1721 in FIG. 69, the server determines if the testing
was successful or not and indicates so at one of blocks 1723
or 1733. If testing was not successtul control passes to block
1735 where the server performs a trouble shooting operation
with the aid of the installer. For instance, the server may
confirm with the installer that the sensor was properly
mounted to or attached to the affordance, that there are no
environmental conditions prohibiting the sensor from sens-
ing required data or from transmitting a signal to the server,
etc. If the sensor testing was successful, control passes to
block 1723 where server 1504 presents an interface to the
installer indicating that the sensor was properly installed. To
this end, see interface 1660 in FIG. 74 that indicates suc-
cessful testing at 1662 and 1664.

At block 1725, server 1504 determines if the MaxSP (e.g.,
the maximum sensor placement) configuration or require-
ments have been met. Where the MaxSP requirements have
been met control passes to block 1737 where the server
presents a message to the installer that the MaxSP configu-
ration has been installed. At that point, in most cases, an
installer may simply end the commissioning process as all
required sensors have been commissioned for all functions
pre-specified by the application programs. Nevertheless
even if the MaxSP requirements have been met, in at least
some cases the server may still offer the installer the ability
to install and commission other sensor devices in the space
as indicated at block 1729 and as shown in FIG. 74 at 1672.

Referring again to FIG. 69, if the MaxSP requirements
have not been met control passes to 1727 where the server
determines if the MinSP requirements have been met. Where
the MinSP requirements have not been met, control passes
to block 1729 where the server presents an interface to the
installer indicating that more sensor devices have to be
installed prior to the system operating for its intended
functions and querying the installer if she wants to commis-
sion another sensor in the space. If the MinSP requirements
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have been met, the server indicates that the minimum
requirements have been met at 1739 after which control
passes to block 1729 to query if another sensor is to be
commissioned. If no other sensors are to be commissioned
at 1729, the commissioning process terminates at least for
the time being.

An installer can always re-enter a space and start another
commissioning process to add other sensors to the ecosys-
tem and to commission added sensors after installation.
Similarly, for sensors already installed in and commissioned
for a space, an installer can re-enter the space and start to
reprogram one or a subset or all of the sensors to perform
other sensing tasks and to have other operating attributes.
Reprogramming of installed sensors may also be automatic
by the system server or may be done remotely by a system
administrator or analyst via the server and wireless access
points or the wireless communication system associated
with the sensing ecosystem. In addition, the installer may be
able to change the location or locations of one or a subset of
the sensor devices a space so that the devices are used for
other purposes. Here, again, the operating attributes or states
of each sensor device may be reprogrammed to support
different functions and algorithms.

Referring again to FIG. 69 and specifically again to the
testing block at 1721, in at least some embodiments the
testing function may also comprise a sensor normalization
process whereby space attributes that are detected are used
to calibrate the sensors to their environments. For instance,
if the light sensing capability of a sensor device is to be
instantiated during the commissioning process, the sensor
may sense ambient light during the testing session and
calibrate itself for low light conditions or high light condi-
tions or any other light conditions that are sensed. In this
case, the installer may be queried to confirm different
environmental light characteristics like, for instance, that all
ambient lighting is on and adjusted to a high level, that
natural light intensity is normal for the space, etc., and the
server may use that user input to confirm proper sensor
calibration. As another instance, in the case of sound or
audio sensing, the sensor device may sense a persistent
humming noise associated with an air conditioner. Here,
either the server will automatically identify the persistent
noise as an ambient noise and calibrate to compensate for
that noise and volume level or the system may query the
installer to confirm that the noise is expected to be persistent.

In some cases, the server will routinely calibrate the
sensors to environmental characteristics that change over the
course of a day or over a season. For instance, in most cases
the amount of natural light in a space that includes exterior
windows will change during a typical working day as the sun
moves across the sky. If a persistent pattern of light emerges,
the sensor may be calibrated differently throughout the day
to compensate for semi-persistent ambient characteristics
that change slowly over a long period.

After at least the minimum number of sensor devices are
installed according to the MinSP map, once the commis-
sioning process is ended and normal system operation
begins, the system server will use whatever devices are
installed in a space to perform optimized space sensing and
tracking algorithms. In the event that another sensor is
subsequently installed in the space at any time where that
sensor could be used in sensing and tracking algorithms to
increase the confidence factors associated therewith, in at
least some cases, the system server will automatically use
the additional sensor(s) to perform the more reliable algo-
rithm(s) and generate more reliable sensing and tracking
data. In other cases, the server may identify that newly added
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sensors in a space could be used to increase one or more
confidence factors associated with currently instantiated
algorithms and, in that case, may present the option to an
installer, as the newly added sensors are commissioned, to
use data from those sensors to drive more reliable algo-
rithms.

Wherever possible, in at least some cases, use of installed
sensors to increase reliability of results should be automated
so that the system server is always using existing installed
sensors to their fullest potential. To this end, in some cases
it is contemplated that additional sensors may be at least
temporarily located within a space in which the server is
already running instantiated algorithms that could be ren-
dered more reliable if data from the additional sensors was
obtained and used to drive the algorithms or similar algo-
rithms. For instance, two additional sensored task chairs
may be moved into a conference space that already includes
12 chairs and, in that case, the server may recognize the
existence of the additional chairs and sensors in the space
and may automatically use data generated by those sensors
to drive algorithms. In the alternative, the server may at least
temporarily reprogram the sensors on the 13th and 14th
chairs to collect and generate data useful in driving algo-
rithms if those sensors are not already programmed to do so
(e.g., if optimal sensing options are initially unselected). If
those chairs are subsequently removed from the space, the
server may automatically reprogram the sensors to perform
their prior sensing and tracking data collection and trans-
mission tasks or different tasks depending on instantaneous
locations.

Thus, for example, a sensored chair that is usually located
at a workstation outside a conference space may include
sensors programmed to track motion, temperature, weight
and various biometric parameters of a chair occupant while
at the workstation. Here, if the chair is moved temporarily
into the conference space, as the chair is moved through a
threshold into that space, the server may be programmed to
recognize that the chair is present in the conference space
and may reprogram the sensor on the chair automatically to
sense, generate and transmit data for use in an occupancy
count calculation for the conference space. Once the chair is
removed from the conference space and moved back to the
workstation for use, the chair sensor may be automatically
reprogrammed so that the sensor operates as before to
generate data related to motion, temperature, weight and the
other biometric parameters for a user at the workstation.

Similarly, in some cases a sensor attached to some space
affordance may be moved out of a space and therefore data
from that sensor may no longer be associated with the space.
For instance, again, a sensor mounted to a task chair can be
expected to be moved out of a conference space at least
periodically when that chair is needed in some other space
(e.g., an adjacent conference space). Here, where at least the
MinSP requirements are still met by sensors within the
space, the server may simply automatically use a simpler
algorithm to generate sensing and tracking data where the
simpler algorithm does not require data from the sensor that
has been removed from the space.

If removal of a sensor from a space results in a sensor
configuration that no longer meets the MinSP requirements,
the system server may simply memorialize an inadequate
sensor configuration as a reason why sensing and tracking
activity in that space is missing from the system database.
Here, the server may automatically place the remaining
sensors in the space in a sleep mode or a heartbeat mode in
which those sensors either stop sensing and transmitting data
or sense and transmit a reduced data set until the MinSP



US 10,970,662 B2

71

requirements are again met. For instance, in a sleep mode,
the server may continue to track sensors within the space by
receiving a periodic heartbeat signal from each. In this case,
when the server again identifies signals that meet the MinSP
requirements, the server may again fully activate the space
sensors to start generating required data to drive space
algorithms (e.g., algorithms instantiated or enabled for the
space).

In many cases it is contemplated that many different
sensing and tracking and other more complex algorithms
will be instantiated for each of a plurality of spaces within
an enterprise. Here, in at least some cases, where active and
operating sensor sets within the spaces are dynamic (e.g., at
least some sensors may be moved between spaces along
with supporting affordances, sensors may become disabled
if battery charge drops below some threshold level, etc.), it
may be that movement of one or more sensors out of a space
may result in an inability to perform a subset of instantiated
space algorithms while data generated by the space sensors
can still drive other algorithms. In this case, the server would
continue to obtain space data and drive algorithms that can
be performed while halting other algorithms and data col-
lection that is required for the halted algorithms.

In many cases there may be a large number of tracking
and more complex statistical algorithms that can be run for
each space within an enterprise if the right sensor set is
configured and instantiated. In addition, as described above,
for each data driven conclusion, there may be more reliable
algorithms than others where the more reliable algorithms
require more or different data sets than the less reliable
algorithms. In at least some cases the system server may be
programmed to use space arrangements and affordance sets
within each space to identify all functions that may be
performed in the space and, for each function, MinSP and
MaxSP sensor sets and sensor settings (e.g., what is sensed,
when sensed, when data is transmitted to the server, etc.)
required to support the function.

Where less than the full set of functions and optimal
sensor placements and settings are configured for a space,
the server may identify the other functions and settings that
are not currently configured and may present, when desired,
information related to those other functions and settings. For
instance, in at least some cases the system server may, based
on affordances in a space instead of based on sensors in the
space, identify a list of 20 different functional algorithm
types that system administrators or analysts or other users
may be interested in and may be able to present that list of
functions to a system user or sensor installer for selection.
As another instance, based on sensors currently installed
within or associated with a space, the server may identify a
set of functional algorithms that may be of interest. In either
of these two or other cases where the server identifies other
functions or capabilities of a space that are not currently
supported or enabled, the server may present additional
functions or other options to a user for consideration.

Additional functions and capabilities may take many
different forms including but not limited to the following: (i)
additional algorithms/functions for a space based on existing
sensor mix and data already being generated by the sensors,
(i1) additional algorithms/functions for the space based on
existing sensor mix if the existing sensors are reprogrammed
to collected additional data types, (iii) additional algorithms/
functions that are consistent with the space attributes and
affordances if additional sensors are added to the space and
(iv) more reliable algorithms than similar currently opera-
tional algorithms (e.g., algorithms that yield the same result
but have different reliabilities) for the space if existing
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sensors were differently programmed or if additional sensors
were placed in the space and properly commissioned.

Additional options for a space may be presented as a list
of options and associated requirements. Thus, for instance,
one additional function may include discerning type of
activity (e.g., collaboration, content generation, individual
presentation, etc.) a group of employees is participating in
within a conference space and requirements for discerning
activity type may require installation of 6 additional sensors
at various locations within the space. As another instance, a
more reliable occupant count within a space may be achiev-
able and, in addition to suggesting a more reliable occupant
count algorithm, the server may indicate that existing sen-
sors within the space simply need to be reprogrammed to
collect a different subset of sensed data or to collect the same
subset of data at shorter intervals or to transmit collected
data at shorter intervals, etc.

In at least some cases it is contemplated that an installer
may have the ability to change functional options sensed
within enterprise space instead of those options being com-
pletely driven by a preset sensing ecosystem specification.
For instance, an installer may be able to access a list of
possible sensing and tracking functions for an affordance set
within a specific enterprise space and may be able to select
different sensing and tracking options from the list. In
response, the server may generate an ecosystem sensor plan
for the space including locations of MinSP and MaxSP
sensors required to generate data needed to drive the
selected options as well as optimized attribute states for each
of the sensors in the MinSP and MaxSP sets.

See the exemplary installer’s sensing option selection
interface 1800 shown in FIG. 76 that includes instructions
1802 guiding the installer to select sensing options and a pop
up window 1804 that lists sensing and tracking options as
selectable icons, three of which are labeled 1806, 1808 and
1810. Here, it is assumed that, at least initially, while some
functional options may already be selected, no sensors have
been installed in the space currently occupied by the
installer. Currently selected options are indicated in left
down to right cross hatching (see 1808 and 1810) in FIG. 76.
Once a desired functional option set has been selected, the
installer submits the selections to the server.

Referring to FIG. 77, in response to receiving the install-
er’s selected sensing and tracking options, the server pres-
ents a commissioning interface 1820 that confirms the
installer’s selections at 1822 and presents a map 1824 of the
conference room A 1 space along with phantom boxes 1826
about each of the affordances to which a sensor may be
attached to support system algorithms associated with the
selected functions (see again FIG. 76). Again, occupancy
count and technology use confidence factor fields are pro-
vided at 1828 and 1830 to indicate, based on currently
installed sensors, how reliable the count and technology use
determinations are expected to be. As shown in FIG. 78, as
sensors are installed and instantiated within the space, the
phantom selection box options associated with the installed
sensors are removed and installed sensor icons as at 1842,
1844, 1846 and 1848 are added to the map to indicate sensor
installations. In addition, the expected confidence factors in
fields 1828 and 1830 are updated to reflect the expected
effects of the currently installed sensors. The installation and
commissioning process continues as described above with
respect to FIG. 69.

While the system described above in relation to FIG. 59
has been described as one wherein all of the sensor devices
have similar capabilities but where it is expected that only
subsets of those abilities may be activated at any time, in
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other embodiments it is contemplated that at least a second
class of sensor devices and perhaps even a third or more
classes may be provided that have class specific sensing and
other capabilities that may be specialized for particular uses.
For instance, at least one additional sensor class may include
an imaging device like a 20 CCD array that is capable of
generating images and/or video of a space. Hereinafter,
unless indicated otherwise, a sensor device that includes
some type of imaging array for generating images and/or
video will be referred to as an imaging sensor device and a
non-imaging sensor like the ones described above will be
referred to as a non-imaging sensor device. In at least some
cases an imaging sensor device may include other types of
sensor capabilities like temperature, sound, motion, etc.,
sensing capabilities where any subset of the capabilities may
be activated or deactivated at any time like the non-imaging
sensors described above.

In at least some cases imaging sensor devices will be able
to substantially increase reliability of sensing functions as
the amount and type of data collected by the device is
particularly detailed and suitable for processing by a server
or other system processor. Thus, for instance, occupancy
count, movement, presence, locations, relative juxtaposi-
tions, orientations, etc., of employees in a conference space
can easily be discerned by a server examining real time
video of a scene in the conference space. Here, while
non-imaging sensor devices may be used to generate at least
some of this information, imaging devices are simply more
reliable in many cases.

D. Embodiments Enhanced by Imaging Devices

In some embodiments where privacy is a concern at least
some of the time in at least some enterprise spaces so that
imaging sensor devices may be viewed as an invasion of
personal or group privacy, imaging capabilities of those
devices may only be used at specific times and other sensing
capabilities of those devices may be used at other times to
alleviate the privacy concern. For instance, in a simple case
an imaging sensor device may be mounted within a confer-
ence space for sensing if any person is located in that space
and, once a first person occupies the space, the system server
may disable the imaging capability of the sensor device and
activate other sensing capabilities of that device as well as
other presence sensing capabilities of other non-imaging
sensor devices in the area. Here, the idea is that the imaging
capabilities of the imaging sensor device can be used to
accurately sense presence within a large area and therefore
other more localized non-imaging sensor devices can be
disabled or placed in a battery conserving sleep mode until
the server recognizes a first occupant in the space. By
disabling the imaging capabilities of the sensor, the privacy
concern in this case can be addressed.

As another instance, imaging capability of a sensor may
be activated for imaging sensor devices that are located
within common or typically non-private shared areas within
a facility for sensing various parameters. Here, data from at
least some cameras located near thresholds into more private
spaces (e.g., into a conference space, into a space associated
with a workstation, etc.) may be used independently for
determining occupant count in certain spaces or in conjunc-
tion with data obtained within those private spaces by
non-imaging sensor devices. For instance, where an imaging
sensor device is mounted within a common area outside a
plurality of conference rooms, images from the imaging
sensor device in the common area may be examined to track
the number of persons passing into and out of each confer-
ence room. Here, the count from the common space imaging
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sensor device may be used to track occupancy or may be
combined with other data from within each conference space
to track occupancy count.

Referring again to FIG. 60, a camera sensor capability is
shown at 1559. Thus, in at least some cases non-imaging
sensor devices (e.g., a first class of devices) may include all
of the capabilities and components shown in FIG. 60 except
for the camera functionality 1559 and imaging sensor
devices (e.g., a second class of devices) may include all of
the capabilities and components of FIG. 60 including the
imaging capabilities represented by 1559. In at least some
cases that camera components and functionality may be
provided as a simple add on to a non-imaging sensor device.
In this regard see in FIG. 60 that the sensor functionality is
shown to plug into a link to the sensor processor to indicate
the add-on nature of that functionality.

In still other cases, at night when no employees are
supposed to be located in an enterprise facility, where
imaging capabilities exist, those capabilities may be turned
on for at least some enterprise sensors where the imaging
capabilities may be turned off during regular business hours
when privacy may be a more legitimate concern. Here the
camera functionality may operate as part of a security
system at night to detect occupancy or presence in space
and, during the day when the imaging functionality is off,
other sensor capabilities may be activated to generate results
required by instantiated functions.

E. Automatic Rule/Algorithm Testing and Formulation

In at least some cases it is contemplated that the system
server may be able to operate independently to test existing
rules and user state algorithms and to develop new algo-
rithms and rules that may be applied in enterprise spaces
either automatically or after presentation to and vetting by at
least one system analyst. For instance, in public spaces or
common areas within an enterprise where privacy is either
not a concern or the expectation of privacy is very low,
cameras may be operated in parallel with other sensing
devices to generate parallel imaging and non-imaging data
sets (e.g., first and second parameter value sets) that can then
be used to either test existing algorithms and rules or as the
basis for generating possible other rules for consideration by
an analyst.

Regarding testing the strength of existing non-imaging
algorithms and rules, cameras may be used in conjunction
with other non-imaging sensor capabilities provided by any
combination of sensors to generate imaging parameter value
sets in parallel where the non-imaging parameter value sets
where the value sets are then compared to identify mis-
matches or at least mismatches above some threshold level.
Here, rules for identifying user and ambient states in the
imaging data and rules for identifying the same user and
ambient states in the non-imaging data may be predefined.
In at least some cases the server may be programmed to treat
the imaging results as truth and identify any mismatch
between the imaging and non-imaging results as an anomaly
or weakness in the non-imaging algorithm. Here, a mis-
match may include the imaging results identifying an asso-
ciated user state when the non-imaging results for the same
time period failed to identify the same user state or the
non-imaging results identifying an associated user state
when the imaging results for the same time period failed to
identify the same user state.

Where a mismatch is persistently identified (e.g., more
than a threshold percentage of times), the server may auto-
matically reduce a confidence factor value associated with
the non-imaging results for the common area. In addition,
where the confidence factor value is reduced for the non-
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imaging result in the common area, the non-imaging algo-
rithm will likely be globally weak and therefore confidence
factors related to that algorithm in other enterprise spaces
including private spaces where cameras are not employed
may likewise be reduced.

In other cases where a mismatch between imaging results
and non-imaging results occurs, the server may present the
anomaly to a system analyst to consider how the anomaly
should affect confidence in the non-imaging algorithm for
the common space as well as in all enterprise spaces. Where
imaging sensor device images are stored, the analyst may be
able to view those images and assess if the imaging result is
truth or if the non-imaging result more accurately reflects
reality in the common space. Here, the analyst may be able
to accept or reject either result as truth which would then be
subsequently used to adjust confidence factors for the algo-
rithms used in the future. Where the algorithms simply yield
a wrong result, the analyst may change the algorithms so that
the result better reflects reality.

Regarding the server using video of common areas to
develop and suggest new algorithms, in at least some
embodiments a system server may enable an analyst to view
video of common or public spaces and to identify activities
that occur in or other characteristics of the video as justi-
fying a new observation or conclusion. In other cases
predefined rules for identifying specific types of observa-
tions or conclusions in video images may be stored in a
system database. For instance, a predefined algorithm for
counting occupants in a public space may be stored in the
database. Then the system server may be programmed to
examine future video to identify the set of activities/char-
acteristics in the video that the analyst associated with or that
were predefined for the new observation or conclusion. The
server may use non-imaging sensors to generate various
types of sensed data for the same space and in parallel with
imaging. The server may be programmed to search for or
identify sets of non-imaging data that are persistently pres-
ent when the observation or conclusion is generated based
on the imaging data. In this case, the server may present the
non-imaging data set to the analyst along with the new
observation or conclusion so that the analyst can determine
if the non-imaging data set should be used to generate a new
non-image algorithm or rule to be applied in the common
area or in other enterprise spaces to identify the observation
or conclusion in the future.

In some cases it is contemplated that a server may
persistently store data for common or public areas which can
be used essentially immediately along with archived video
of the common or public areas to generate possible non-
imaging data sets to present as rules or algorithms for
identifying specific user states or other interesting condi-
tions. For instance, where an analyst reviews a first video of
an activity occurring in a common area and identifies four
characteristics of the video that are tell-tale signs that
content generation is occurring in the common space
between four employees, the server may be able to access
other video from the same or other common spaces that has
been archived over the last six months and may be able to
identify 30 other video clips that meet the four characteris-
tics identified by the analyst in the first video. Here, for each
of the 31 video clips, the server may also be able to access
non-imaging data of many different types for the common
area and may be able to automatically parse that data to
identify a set of five non-imaging sensor states that are
common to all 31 occurrences. In this case, the server could
relatively quickly suggest the five non-imaging sensor states
as the basis for a rule to be associated with the activity
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identified by the analyst. In some cases larger common
subsets of non-imaging data that are consistent in most of the
31 occurrences (e.g., 7 sensor states may be consistent for 28
of the video clip occurrences) may also be presented as the
basis for alternative non-imaging algorithms or rules.

Reviewing the suggested common non-imaging data, an
analyst would have several options. First, the analyst could
simply accept the non-imaging data set suggested as the
basis for a rule and the server would then generate an
appropriate rule. Second, the analyst could modify the
non-imaging data set that was suggested and submit the
modified data set to the server for generating an appropriate
rule. Third, the analyst could change the four imaging
characteristics to a different set and run the process again on
the archived data to generate a different common non-
imaging data set for consideration as the basis of a different
algorithm/rule. In any case, the analyst may be able to set
thresholds or other data requirements for one or more of the
sensed data elements that make up the basis for a rule. Once
the analyst is satisfied with the non-imaging data set as the
basis for a rule, the analyst causes the server to use the data
set to generate an appropriate algorithm or rule.

It is contemplated that in many cases enterprises may only
sign up for a small subset of the services that can be offered
once a sensing ecosystem has been installed and commis-
sioned. Here, for instance, an enterprise may only sign up for
10% of the functionality of the sensing ecosystem and may
not understand the additional value that could be added by
the other functionality available. One additional service that
may be added would be one where a service provider that
owns or at least operates the system server 1504 runs various
system algorithms, rules and applications on enterprise data
to generate other useful results which are archived. Here, the
service provider may, at least periodically, present at least a
subset of the results to an enterprise administrator as a sort
of marketing tool for the administrator to consider. For
instance, at the end of each month of service, the provider
may present space use results that are consistent with
services that a client has purchased as well as more detailed
additional space use results for a portion of the enterprise
space. In some cases the additional results may simply be
provided as part of a client dashboard or a more complex
report. Here, if the client appreciates the value of the
additional results, the client may be able to sign up for
additional services.

The additional partial results including observations and
conclusions may be automatically provided to clients as part
of the overall service. In other cases, clients may have to
affirmatively indicate that they want the additional partial
results service prior to the provider generating and providing
those results. While additional results may be based on data
obtained from sensors that is required for the services that a
client has signed up for, in other cases the additional results
may also be based on other sensor data where other sensor
device capabilities are enabled solely for obtaining data
required to generate the additional results. In addition, in
some cases additional sensor devices may have to be
installed in a facility in order to drive the additional results.

In some embodiments it is contemplated that anonymous
data from many different enterprises and rules/algorithms
developed by may different analysts may be pooled together
in order to develop more complete sets of data and, ulti-
mately, better rules and algorithms for generating more
accurate observations and conclusions. In this case, for
instance, it is contemplated that where two or more analysts
generate similar observations or conclusions based on data
from different enterprises where the rules or algorithms
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applied by each are different, a system server may automati-
cally identify the different rules/algorithms with similar
results and suggest rule/algorithm options and associated
requirements (e.g. reprogramming of installed sensors, addi-
tion of other sensors, etc.) to the analysts for consideration.

In many cases, as described above, an installer may
simply be required to mount sensors at specific locations and
to specific affordances in space and to perform some testing
activities that enable the system server to determine if
installed sensors are operating properly. Here, the installer
may have no ability to change sensor attribute states or
operating parameters, all of which would be automatically
programmed by the system server based on a master eco-
system plan. In this case a system analyst may have the
ability to modify the overall ecosystem plan in ways that
would ripple through the ecosystem and that would affect
sensor attribute states and other parameters in an automated
fashion or may have the ability to change attribute settings
of sensors on a sensor by sensor basis, on a supporting
affordance basis (e.g., reprogram all task chair sensors to
sense weight), on an enterprise space basis (e.g., reprogram
all presence sensor in all conference rooms to sense
employee presence in zones that are twice as large as current
sensing zones, etc.).

In cases where one or more cameras are located at a
station or proximate the station, the image processing may
be performed either by a processor that is included within
the camera or via a remote processor that is linked to the
station via the internet or some other communication or
computer network.

Thus, the invention is to cover all modifications, equiva-
lents, and alternatives falling within the spirit and scope of
the invention as defined by the following appended claims.

What is claimed is:

1. A method of generating views for use in a resource
management system in an entity comprising one or more
facility and a plurality of data collectors throughout the
entity, the resource management system comprising a data-
base of a plurality of entity resources registered with the
resource management system including an identifier corre-
spond to each resource, and a database identifying a location
of each of the plurality of data collectors, the method
comprising the following steps:

associating tracking devices with each of the plurality of

entity resources including a resource identifier;
sensing characteristics of the resource with the corre-
sponding tracking device;

transmitting the resource identifier and sensed character-

istics from the tracking devices to the resource man-
agement system,

transmitting the identifier to one or more of the plurality

of data collectors in a vicinity of the transmitting
device;

transmitting data from the data collectors to the resource

management system,

using the data to generate views of the resources.

2. The method of claim 1, wherein the database of a
plurality of entity resources further comprises a description
of the resource itself.

3. The method of claim 2, wherein the description com-
prises a model of the resource.

4. The method of claim 3, wherein the model is a
Computer Aided Design model.

5. The method of claim 1, wherein resources include at
least one of a space affordance and an enterprise employee.
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6. The method of claim 5, wherein the space affordance
comprises at least one of a table, desk, chair, videoconfer-
encing system, and printer.

7. The method of claim 1, wherein the data collectors
comprise at least one of an access point and a collector
assembly.

8. The method of claim 1, wherein the step of transmitting
data from the tracking devices to the data collectors com-
prises transmitting a data packet comprising the resource
identifier, a location of the resource, and an orientation of the
resource.

9. The method of claim 1, wherein the step of associating
a tracking device to the resource comprises at least one of
physically coupling the tracking device to the resource and
virtually associating the tracking device through a stored
identifier.

10. The method of claim 1, further comprising the step of
storing occupancy data corresponding to the resources.

11. A resource management system adapted to generate
views of resources in an entity comprising one or more
facility for display, the resource management system com-
prising a processor and a memory storing a database of a
plurality of entity resources registered with the resource
management system including an identifier correspond to
each resource, and a database identifying a location of each
of the plurality of data collectors, and a plurality of data
collectors throughout the entity, wherein the processor is
programmed to:

associate tracking devices with each of the plurality of

entity resources including a resource identifier;

sense characteristics of the resource with the correspond-

ing tracking device;

transmit the resource identifier and sensed characteristics

from the tracking devices to the resource management
system,

transmit the identifier to one or more of the plurality of

data collectors in a vicinity of the transmitting device;
transmit data from the data collectors to the resource
management system; and

use the data to generate views of the resources.

12. The resource management system of claim 11,
wherein the database of a plurality of entity resources further
comprises a description of the resource itself.

13. The resource management system of claim 12,
wherein the description comprises a model of the resource.

14. The resource management system of claim 13,
wherein the model is a Computer Aided Design model.

15. The resource management system of claim 11,
wherein resources include at least one of a space affordance
and an enterprise employee.

16. The resource management system of claim 15,
wherein the space affordance comprises at least one of a
table, desk, chair, videoconferencing system, and printer.

17. The resource management system of claim 11,
wherein the data collectors comprise at least one of an access
point and a collector assembly.

18. The resource management system of claim 11,
wherein transmitting data from the tracking devices to the
data collectors comprises transmitting a data packet com-
prising the resource identifier, a location of the resource, and
an orientation of the resource.

19. The resource management system of claim 11,
wherein the step of associating a tracking device to the
resource comprises at least one of physically coupling the
tracking device to the resource and virtually associating
through a stored identifier.
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20. The resource management system of claim 11,
wherein the processor is further programmed to store occu-
pancy data corresponding to the resources.

21. The method of claim 1 wherein the data collectors
comprise at least one portable data computing device.

22. The method of claim 21 wherein the at least one
portable computing device includes a smart phone device.

23. The method of claim 21 wherein the at least one
portable computing device includes a laptop computer.

24. The method of claim 21 wherein the at least one
portable computing device includes a processor that deter-
mines the location of the portable computing device within
the enterprise upon receiving one of the identifiers and
wherein the portable computing device provides the deter-
mined location to the resource management system along
with the identifier.

25. The method of claim 1 wherein at least a first portion
of the data collectors include wireless access points and
wherein at least a second portion of the data collectors
include wireless portable computing devices.

26. The method of claim 1 wherein at least a subset of the
tracking devices periodically and automatically transmit
resource identifiers.

27. The method of claim 1 wherein at least a subset of the
tracking devices include a processor, a battery and an
indicator wherein the processor monitors battery charge and
generates a warning signal when the battery is low.

28. The method of claim 1 wherein at least some of the
transmissions include Bluetooth transmissions.

29. The method of claim 1 wherein at least a portion of the
data collectors include wireless communication identifica-
tion badges.

30. The method of claim 1 wherein at least a subset of the
tracking devices include at least one sensor for sensing at
least one status change of an associated resource, the track-
ing device also transmitting the status change to the resource
management system.

31. The method of claim 30 wherein at least a subset of
the tracking devices include a motion sensor proximate a
resource for detecting motion, the tracking device transmit-
ting status change by transmitting a period since a most
recently detected motion.

32. The method of claim 31 wherein the motion sensor
includes at least one of an accelerometer, a tilt sensor, an
inclinometer and a gyroscope.

33. The method of claim 31 wherein the motion sensor is
attached to a chair resource.

34. The method of claim 30 wherein at least a subset of
the tracking devices include a sound sensor for detecting
sound, the tracking device transmitting status change by
transmitting a period since a most recently detected sound.

35. The method of claim 1 wherein at least a subset of the
tracking devices include at least one sensor for sensing at
least one environmental change proximate an associated
resource, the tracking device also transmitting the environ-
mental change to the resource management system.

36. The method of claim 1 wherein the resource are
moveable resources and wherein the tracking devices are
attached to associated resources.

37. The method of claim 1 wherein at least one of the
views of the resources includes a graphical representation of
the locations of the resources within the enterprise space.

38. The method of claim 1 wherein the tracking devices
transmit via Bluetooth and the data collectors transmit via
one of a WIFI and a cellular signal.

39. The method of claim 1 wherein at least a subset of the
tracking devices include a motion sensor and wherein each
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tracking device including a motion sensor transmits a
resource identifier every time an associated resource is
moved.

40. The method of claim 1 wherein each tracking device
transmits an associate resource identifier persistently at a
first rate, at least a subset of the tracking devices include a
motion sensor and wherein each tracking device including a
motion sensor transmits an associated resource identifier at
a higher second rate for at least a duration each time an
associated resource is moved.

41. The resource management system of claim 11 wherein
the data collectors comprise at least one portable data
computing device.

42. The resource management system of claim 41 wherein
the at least one portable computing device includes a smart
phone device.

43. The resource management system of claim 11 wherein
the at least one portable computing device includes a pro-
cessor that determines the location of the portable comput-
ing device within the enterprise upon receiving one of the
identifiers and wherein the portable computing device pro-
vides the determined location to the resource management
system along with the identifier.

44. The resource management system of claim 11 wherein
at least a first portion of the data collectors include wireless
access points and wherein at least a second portion of the
data collectors include wireless portable computing devices.

45. The resource management system of claim 11 wherein
at least a subset of the tracking devices include a processor,
a battery and an indicator wherein the processor monitors
battery charge and generates a warning signal when the
battery is low.

46. The resource management system of claim 11 wherein
at least a portion of the data collectors include wireless
communication identification badges.

47. The resource management system of claim 11 wherein
at least a subset of the tracking devices include at least one
sensor for sensing at least one status change of an associated
resource, the tracking devices also transmitting the status
changes to the resource management system.

48. The resource management system of claim 47 wherein
at least a subset of the tracking devices include a motion
sensor proximate a resource for detecting motion, the track-
ing device transmitting status change by transmitting a
period since a most recently detected motion.

49. The resource management system of claim 48 wherein
the motion sensor includes at least one of an accelerometer,
a tilt sensor, an inclinometer and a gyroscope.

50. The resource management system of claim 48 wherein
the motion sensor is attached to a chair resource.

51. The resource management system of claim 11 wherein
at least a subset of the tracking devices include at least one
sensor for sensing at least one environmental change proxi-
mate an associated resource, the tracking device also trans-
mitting the environmental change to the resource manage-
ment system.

52. The resource management system of claim 11 wherein
the resources are moveable resources and wherein the track-
ing devices are attached to associated resources.

53. The resource management system of claim 11 wherein
at least one of the views of the resources includes a graphical
representation of the locations of the resources within the
enterprise space.

54. The resource management system of claim 1 wherein
the tracking devices transmit via Bluetooth and the data
collectors transmit via one of a WIFI and a cellular signal.
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55. The resource management system of claim 1 wherein
at least a subset of the tracking devices include a motion
sensor and wherein each tracking device including a motion
sensor transmits a resource identifier every time an associ-
ated resource is moved. 5

56. The resource management system of claim 1 wherein
each tracking device transmits an associate resource identi-
fier persistently at a first rate, at least a subset of the tracking
devices include a motion sensor and wherein each tracking
device including a motion sensor transmits an associated 10
resource identifier at a higher second rate for at least a
duration each time an associated resource is moved.
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